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ABSTRACT 


Procedures  are  given  for  reducing  USMC  landing  force  materiel  to  be 
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mental phasing  of  units  into  the  objective  area  by  means  other  than 
amphibious  assault  ships  is  evaluated.  Amphibious  lift  requirements  for 
Marine  air/ground  task  forces  are  computed  by  the- SRI /NWRC-deve loped 
•>MAGTF  computer  system.  Lift  requirements  of  the  assault  echelon  of  a 
Marine  Amphibious  Force  are  compared  with  the  capacities  of  available 

'V-  »sr  ic* 

Navy  amphibious  assault  ships,j'to  determine  lift  short  falls.  The  effect 
on  lift  requirements  of  future  changes  to  landing  force  materiel  is 
analyzed.  Described  is  a computer  system  designed  as  a decision  aid 
for  systematically  reducing  landing  force  materiel  when  required  to  load 
assault  forces  into  a constrained  amphibious  lift  capacity  «4iile  opti- 

l\  -.o  V.  ^ . 1 ■ 

mizing  the  operational  readiness  of  the  force. ^ A procedure  for  analyzing 
the  effect  on  amphibious  lift  capability  of  introducing  new  materiel  into 
the  Fleet  Marine  Force. is  presented. 
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The  objective  of  logistics  support  for  an  amphibious  landing  has 
always  been  to  provide  the  landing  force  with  the  materiel  and  equipment 
It  needs  for  the  duration  of  a campaign.  In  the  past,  those  charged 
with  the  task  of  developing  the  logistic  support  operations  used  a simple, 
straightforward  method.  A scheme  of  maneuver  would  be  projected  for 
anticipated  combat  ashore,  and  logistic  support  requirements  would  be 
developed  from  this  scheme  and  from  the  usage  rates  of  previous  similar 
combat  operations.  Shipping  requirements  would  than  be  determined  from 
the  computed  weight,  cube,  and  square  of  personnel  to  be  embarked. 

Current  and  future  anticipated  economic  constraints  on  the  Military 
Services  of  this  country  may  reduce  the  number  of  naval  ships  dedicated 
to  amphibious  warfare  below  levels  previously  available.  This  could  re- 
sult in  shortages  of  lift  capacity  which  will  require  modifications  to 
earlier  procedures  for  embarking  MAGTF's.  One  aid  to  the  logistics 
planner  to  offset  this  lift  constraint  will  be  a system  that  provides  a 
rapid  and  accurate  estimate  of  materiel  and  supplies  required  to  sustain 
a landing  force  in  accomplishing  its  combat  mission. 

Of  critical  importance  to  the  planner  will  be  the  designation  of 
those  support  functions  expected  to  be  required  in  the  amphibious  objective 
area  (AOA)  before  arrival  of  the  assault  follo^-on  echelon  shipping.  Due 
to  the  shortage  of  naval  amphibious  ships  comprising  the  assault  echelon 
of  the  amphibious  task  force,  the  planning  task  includes  determining  those 
units  whose  functions  are  required  to  support  the  combat  units  of  the  MAF 
from  D-Day  to  arrival  of  the  AFOE  in  order  to  reduce  the  materiel  required 
to  be  embarked  in  the  assault  echelon  ships.  During  planning  for  the 
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arrival  of  the  AFOE  ships  (when  additional  units  and  the  preponderance 
of  materiel  became  available  for  employment  in  the  operation)  considera- 
tion must  also  be  given  to  the  determination  of  functions,  personnel  and 
materiel  actually  required  in  the  AOA  during  the  assault  phase,  time- 
phasing of  materiel  into  the  AOA  as  it  is  needed  and  air  lift  utilization 
when  the  situation  permits. 

Against  this  background,  a series  of  logistic  planning  studies  have 
been  conducted  by  the  Naval  Warfare  Research  Center  of  Stanford  Research 
Institute.  When  implemented,  these  studies  will  improve  the  logistic 
support  planning  process  with  respect  to  the  Fleet  Marine  Force.  The 
project,  "Marine  Air  Ground  Task  Force  Lift  and  Logistic  Planning  Factors 
Model  (1975-1985)  (MAGTF),"  completed  in  January  1975,  provides  data  ex- 
pressing the  amphibious  lift  requirement  based  on  current  allowances  and 
replenishment  rates.  The  MAGTF  Model  generated  by  that  project  provides 
the  necessary  tool  for  computing  amphibious  lift  requirements  for  variable 
levels  of  materiel. 

Based  on  data  obtained  from  the  MAGTF  Lift  Model,  the  landing  force 
materiel  of  a notional  MAF  that  is  desired  to  be  embarked  in  amphibious 
shipping  has  far  greater  volume  than  the  total  capacity  of  the  available 
amphibious  assault  ships.  Procedures  are  developed  for  reducing  landing 
force  materiel  in  a constrained  amphibious  lift  capacity  environment  so 
that  the  operational  readiness  of  the  embarked  force  has  been  optimized. 

The  study  was  conducted  for  the  Commandant  of  the  Marine  Corps  under 
Contract  N0014-75-C-0708.  The  originating  agency  was  the  Deputy  Chief  of 
Staff  (Research  Development  and  Studies).  The  sponsoring  agency  was  the 
Concepts  and  Analysis  Branch,  Deputy  Chief  of  Staff  for  Installations  and 
Logistics  (LPC) . Project  officer  was  Lieutenant  Colonel  J.  E.  Miller, 
USMC,  Head,  Concepts  and  Analysis  Branch. 
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The  analysis  was  conducted  by  members  of  the  Tactical  Logistics  and 
Mobility  Program  of  the  Naval  Warfare  Research  Center  (NWRC) , L.  J.  Low, 

Director.  T.  H.  Allen,  Jr.,  was  the  project  leader.  Other  SRI  principal 
contributors  were  C.  J.  Hording,  R.  S.  Gamero,  C.  M.  Ramos,  and  R.  B. 

Rlngo.  A.  R.  Grant  provided  data  from  the  GAMUT  Simulation  Model  in  sup- 
port of  the  amphibious  task  force  unloading  problem.  W.  H.  7wisler 
assisted  in  the  MAGTF  improvement  task.  Dr.  J.  L.  Brenner  served  as 
consultant  to  the  project. 
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I INTRODUCTION 


j 

The  objectives  of  the  study,  and  thus  of  this  report,  are  to:  ] 

! 

(1)  Within  the  constraints  of  operational  readiness  and 
sustainability,  determine  the  feasibility  of  reducing 
amphibious  lift  requirements  by  reducing  the  weight  and 
cube  of  landing  force  materiel  that  is  presently  in  the 
inventory  or  programmed;  and,  if  feasible,  recommend 
specific  implementation  actions. 

(2)  Determine  the  feasibility  of  reducing  overall  amphibious 
lift  requirements  by  the  redesign  of  the  incremental 
phasing  and  scheduling  of  materiel  into  the  amphibious 
objective  area;  and  if  feasible,  recommend  specific 
implementation  actions. 

(3)  Determine  actions  necessary  to  establish  a viable  weight 
and  cube  control  program  for  landing  force  materiel,  which 
will  insure  that  lift  requirement  considerations  are  given 
major  attention  during  the  materiel  acquisition  process. 

The  foregoing  objectives  have  been  achieved  without  exception. 

Section  II,  immediately  following,  presents  in  executive  summary  i 

form  the  general  findings  of  the  study  within  the  framework  of  the  above-  ! 

cited  objectives.  Every  attempt  has  been  made  to  match  objectives  with 
results  without  unnecessary  elaboration  or  detail.  Thus,  the  reader 
desiring  to  quickly  grasp  the  essence  of  this  report  is  obliged  to  read 
no  further  than  the  summary  and  Section  III,  the  Conclusions  and  Recom- 
mendat ions . 

Those  readers  wishing  to  explore  the  details  of  the  completed 
research  are  invited  to  pursue  the  remaining  sections  of  the  report. 

These  sections  essentially  reflect  the  research  steps  taken  during  the 
course  of  the  study.  A brief  description  of  these  steps  is  given  here 
for  guidance. 
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( 1 > Section  IV  presents  a development  of  the  problem  as  i 

defined  by  the  first  two  study  objectives.  ' 

(2)  Section  V provides  an  explanation  of  the  data  used  to  i 

conduct  the  analysis  of  the  study. 

(3)  Section  VI  describes  the  computerized  mathematical 
models  used  to  obtain  the  problem  solution  procedure. 

(4)  Section  VII  contains  the  data  analysis  and  numerical 
results  supporting  the  problem  solution  procedure. 

(5)  Section  VIII  explains  the  Materiel  Weight  and  Cube 
Control  Program  developed  during  the  study,  as  required 
by  the  third  objective. 

(6)  Section  IX  presents  a description  of  an  automated  data 
systems  (ADS)  environment  for  implementing  the  computer 
system  developed  within  the  study. 

(7)  The  appendices  contain  technical  information,  i.e., 

extensive  data  supporting  the  analysis,  mathematical  I 

model  descriptions,  and  general  flow  charts  describing 
computer  programs. 

A.  Scope 

The  primary  source  of  guidance  for  the  research  reported  on  in  this  ' 

document  was  the  Marine  Corps  Mid-Range  Objectives  Plan  (MMROP).  Hie 
stated  capability  requiring  the  lift  of  the  assault  echelon  of  a MAF  by 
amphibious  assault  ships  provided  the  basic  framework  for  the  scenario 
within  which  the  principal  areas  for  research  were  conducted.  Subsidiary 
research  into  the  use  of  common  user  airlift  and  sealift  to  support  the 
total  MAF  lift  requirement  was  also  included. 

The  study  examined  in  detail  the  nature  and  extent  of  landing  force 
materiel  as  defined  and  computed  by  the  MAGTF  Computer  System.  It  should 
be  noted  that  results  obtained  from  this  study  are  based  upon  the  assump- 

1 tion  that  the  MAGTF  Computer  System  expresses  a true  representation  of 

I 

j amphibious  lift  requirement  for  the  units  depicted  as  derived  from  official 

allowances,  with  the  exception  of  MAGTF  data  base  deficiencies  defined  in 
Section  V of  this  report. 
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The  numbers  and  characteristics  ol  amphibious  assault  ships 
defining  amphibious  lift  capacity  to  support  the  assault  echelon  (AE)  of 
the  MAE  were  also  included  in  the  research  effort. 

Hie  effect  of  unloading  times  for  amphibious  assault  ships  on  the 
possibilities  of  phasing  units  within  the  AE  troop  list  ashore  from 
assault  follow-on  echelon  support  ships  was  part  of  the  study. 

A research  task  was  conducted  to  develop  a materiel  weight  and  cube 
control  program  which  would  monitor  the  effect  on  the  lift  status  of 
units  in  the  FMF  from  introducing  new  items  of  materiel  into  tables  of 
equipment  (T/Es). 

A MAGTF  Program  improvement  task  was  included  in  the  study  with  the 
purpose  of  reducing  the  excessive  processing  time  required  to  compute 
MAE  lift  requirements  using  the  original  version  of  the  program. 

B . Method  of  Approach 

The  study  was  conducted  in  three  phases.  Phase  I included  the 
MAGTE  improvement  task,  which  was  required  to  support  the  study  effort. 
The  gathering  of  pertinent  data  and  specification  of  the  scenario  were 
also  part  of  Phase  1. 

Phase  II  was  devoted  to  analyzing  landing  force  materiel  in  its 
many  categories  for  accuracy  and  completeness  and  developing  mathematical 
models  to  conduct  the  necessary  data  analysis.  The  extent  of  the  amphib- 
ious lift  short  fall,  i.e.,  landing  force  materiel  of  the  AE  that  cannot 
be  loaded  into  the  available  amphibious  assault  shipping  was  determined. 

The  data  analysis  conducted  during  Phase  111  provided  the  insight 
necessary  for  generating  a computer  assisted  decision  aid  that  provided 
the  solution  procedure  for  satisfying  the  objectives  of  the  study. 
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C.  Glossary  of  Terms  Used  in  the  Study  Report 

In  order  to  assist  the  reader  in  understanding  the  special  meanings 
of  the  various  terms  used  in  this  report,  the  following  glossary  is 
provided, 

MAGTF - -Mar ine  Air  Ground  Task  Force  of  MAF,  MAS,  or  MAU. 

MAD- -Marine  Amphibious  Unit,  with  the  battalion  landing  team 
as  the  combat  element. 

MAB- -Marine  Amphibious  Brigade,  with  the  regimental 
landing  team  as  the  combat  element. 

MAF- -Marine  Amphibious  Force,  with  the  reinforced  Marine 
Division  providing  three  regimental  landing  teams  as  the 
combat  element. 

AE- -assault  echelon  of  the  MAF. 

AFOE--assault  follow-on  echelon  of  the  MAF. 

Amphibious  lift  requirement--the  totals  of  bulk  cargo  in 
units  of  the  measurement  ton  (40  cubic  feet)  and  square 
loaded  cargo  in  square  feet  for  a unit  or  groups  of  units. 

Amphibious  lift  capacity--the  bulk  cargo  (in  measurement 
tons)  and  square  loaded  cargo  (in  square  feet)  that  can  be 
loaded  into  an  amphibious  assault  ship  or  groups  of  ships. 

Amphibious  lift  short  fall--the  amount  of  cargo  that  could 
not  be  put  into  a group  of  amphibious  assault  ships  for  a 
specified  group  of  troop  units. 

Constrained  amphibious  lift  short  fall--the  amount  of  cargo 
that  could  not  be  put  into  a group  of  amphibious  assault 
ships  after  having  been  reduced  by  an  applied  constraint  for 
a specified  group  of  troop  units. 

AOA- -amphibious  objective  area. 

SMLS-- Seaborne  Mobile  Logistics  System. 

Unit  load--the  amount  of  cargo  carried  by  a unit  when 
embarked  in  assault  shipping,  consists  of  organic  materiel 
and  a specified  number  of  days  of  supply  for  mountout. 

Landing  force  supply--the  amount  of  cargo  embarked  in 
assault  shipping  and  required  to  support  the  AE  of  the  MAF, 
consists  of  the  specified  number  of  days  of  supply  of 
mountout . 
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TFE  Model--Transportation  Feasibility  Estimator  Model, 
converted  to  a practical  computer  simulation  program  from 
a CINCPAC  version  called  GFE  by  HQ  FMFPAC. 


CSS--combat  service  support,  used  in  this  study  to  designate 
a group  of  units  recently  reorganized. 

MAGTF  System--refers  to  a series  of  computer  programs  and 
data  base  developed  by  NIJRC/SRI  in  a previous  project. 

MAGTF  Program- -the  computing  program  of  the  MAGTF  System 
providing  the  lift  requirement  listings  used  in  this  study. 

DODIC- -Department  of  Defense  identification  code  for 
ammunition  items. 

OMA--a  designation  for  unit  cargo  to  support  organizational 
level  maintenance  in  USMC  aircraft  squadrons. 

IMA--a  designation  for  unit  cargo  to  support  intermediate 
level  maintenance  in  USMC  headquarters  and  maintenance 
squadrons . 

TMR--Tables  of  Manpower  Requirements,  an  automated  file  of 
tables  of  organization  used  by  the  MAGTF  System  to  update 
the  MAGTF  data  base. 

VALU  card- -the  term  used  to  describe  the  card  input  used  to 
manually  update  the  MAGTF  data  base. 

CREATE- -the  computer  program  within  the  MAGTF  System  that 
converts  the  tape  files  of  the  MAG'TF  data  base  to  direct 
access  disk  files. 

FLOAT  quantities --an  amount  of  equipment  in  supply  classes 
IIW  and  VIIW  carried  by  units  of  the  Force  Service  Support 
Group  to  replace  major  end  items  deadlined  from  FMF  units. 

LVTs-- landing  vehicles  tracked  (amphibious  tractors)  used 
by  the  AE  of  the  MAF  to  carry  initial  assault  waves  to  the 
beach . 

JOPS- -Joint  Operational  Planning  System  (defined  in 
JCS  Pub  6,  Part  6). 

CARF- -combat  active  replacement  factor  (derived  from 
the  TAM). 

TAM--Table  of  Authorized  Materiel. 
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II  SUMMARY 


A.  Feasibility  of  Reducing  Amphibious  Lift  Requirements 

• 

It  is  possible  to  examine  the  impact  of  reducing  the  amount  of  cargo  ^ 

desired  to  be  embarked  in  amphibious  ships  of  the  assault  echelon  on  force 
effectiveness  and/or  sustainability  through  the  use  of  constraints  applied 
by  a computer  system  designed  to  augment  the  decision  making  process. 

Research  into  the  feasibility  of  reducing  amphibious  lift  require- 
ments directed  the  study  efforts  to  analyzing  the  purpose,  composition, 
and  amount  of  materiel  to  be  loaded  into  amphibious  assault  ships  for 
units  comprising  the  assault  echelon  (AE)  of  the  MAF.  The  basic  scenario 
for  the  study  defines  the  amphibious  lift  problem  within  the  framework 
of  lifting  the  AE  of  the  MAF  by  sea  for  an  assault  on  a hostile  shore. 

This  scenario  constitutes  the  greatest  demand  for  lift  as  outlined  by  the 
MMROP,  which  was  used  as  the  basic  guidance  for  the  study. 

i 

* 

The  first  research  task  performed  to  determine  the  feasibility  of 
reducing  amphibious  lift  was  to  analyze  the  table  of  equipment  (T/E)  for 
a sample  of  organizations  included  in  the  AE  for  nonessential  equipment. 

Findings  from  this  task  established  that  units  are  continuously  conducting 
T/E  reviews  to  eliminate  nonessential  items.  Many  items  included  in  T/Es 

are  essential  for  some  function  at  some  specific  time  but  may  not  be  • I 

essential  for  carrying  ashore  in  an  amphibious  assault  and  could  be  ! 

landed  from  AFOE  support  ships  at  a later  time  in  the  operation.  While  ] 

this  task  failed  to  provide  a significant  reduction  in  lift  requirements, 
it  did  suggest  an  approach  for  the  solution  procedure  that  was  later 
developed , 
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Comparison  of  the  amphibious  lift  requirement  obtained  from  the  MAGTF 


'I 


System  (using  the  force  structure  contained  in  the  MMROP)  and  the  total 
capacity  of  the  available  force  of  59  amphibious  ships  showed  that  only  60 
percent  of  the  designated  materiel  of  the  AE  of  the  MAF  could  be  loaded. 

This  result  varies  drastically  when  compared  to  the  MMROP  notional  MAF 
assault  echelon  requirement  which  supposedly  can  be  lifted  by  a force  of 
49  amphibious  ships. 

The  determination  of  the  magnitude  of  the  amphibious  lift  short  fall  j 

directed  research  efforts  to  the  development  of  a systematic  procedure  to  j 

reduce  unit  amphibious  lift  requirements  by  the  application  of  constraints  i 

until  the  reduced  force  could  be  loaded  into  the  available  lift  capacity. 

The  system  developed  permits  the  evaluation  of  operational  readiness  for 
every  constraint  level  applied  and  further  determines  the  effect  on  the 
lift  short  fall  from  varying  the  mountout  days  of  supply  for  loading  in 
assault  shipping. 

The  systematic  procedure  generated  to  reduce  amphibious  lift  require- 
ments consists  of  three  computerized  mathematical  models  organized  into  a 1 

computer  assisted  decision  aid  to  be  used  by  the  commander  and  his  staff 
on  an  on-line-real-time  basis  or  in  a batch-mode  processing  environment. 

The  system  named,  the  Constrained  Amphibious  Lift  Analysis  System  (CAIAS)> 
combines  the  computational  power  and  speed  of  the  computer  with  the  opera- 
tional experience  and  subjective  judgment  of  the  Commander  to  determine 
the  force  level  which  optimizes  operational  readiness  within  the  con- 
strained amphibious  lift  environment.  The  study  provides  extensive 
constrained  loading  analysis  using  the  AE  of  a notional  MAF  within  the 
framework  of  the  scenario  to  demonstrate  the  practicality  and  feasibility 
of  the  developed  approach  to  the  constrained  amphibious  lift  problem. 
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B . Feasibility  of  the  Incremental  Phasing  of  Materiel 

Into  the  Amphibious  Obiectlve  Area 

The  incremental  phasing  of  materiel  to  reduce  amphibious  lift  re- 
quirements appears  entirely  feasible.  "Appears"  is  the  appropriate 
descriptor  since,  while  the  second  objective  of  the  study  directs  the 
study  of  the  feasibility  of  reducing  landing  force  materiel  carried  by 
the  AE  by  incrementally  phasing  and  scheduling  materiel  into  the  objec- 
tive area,  the  scenario  for  the  study  contained  only  notional  forces 
without  a specified  enemy  or  terrain,  and  the  requirement  to  Include 
units  performing  specialized  functions  in  the  AE  could  not  be  specified. 
The  analysis  therefore  was  limited  to  determining  the  effects  on  the 
constrained  lift  problem  of  removing  these  units  from  the  AE  troop  list. 

The  solution  procedure,  GALAS,  was  also  used  to  determine  the  effect 
on  the  amphibious  lift  short  fall  from  varying  the  units  within  the  AE 
force  structure  to  obtain  a problem  solution.  In  point  of  fact,  no 
solution  is  possible  without  the  combination  of  varying  the  units  to  be 
included  in  the  troop  list  with  the  systematic  reduction  of  materiel  from 
included  units  and  the  possible  reduction  of  mountout  to  be  carried  by 
the  AE.  Both  eliminated  units  and  materiel  from  embarked  units  are 
assumed  to  be  phased  ashore  from  the  AFOE  support  ships. 

The  effect  of  the  timing  problem  on  phasing  AE  units  ashore  from 
the  AFOE  support  ships  was  determined  by  calculating  unloading  times 
from  a computer  simulation  model  called  GAMUT.  This  task  showed  that 
all  ships  of  the  59-ship  force  lifting  the  AE  could  be  unloaded  in  37 
hours.  The  days  required  would  depend  on  the  hours  per  day  unloading 
could  take  place,  A beach  cargo  handling  simulation  was  also  used  to 
determine  that  adequate  materiel  handling  assets  were  available  to 
prevent  beach  congestion. 
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C,  Implementation  Considerations  for  the  Constrained 

Amphibious  Lift  Analysis  System 

The  study  presents  a concept  which  adapts  the  computer  programs  of 
GALAS  into  the  management  information  systems  (MIS)  of  the  future,  llie 
exact  configuration  of  Marine  Corps  Automated  Data  Systems  (ADS)  of  the 
1980s  is  presently  under  study  at  SRI.  The  Marine  Tactical  Command  and 
Control  System  is  also  presently  under  development.  GALAS  would  become 
an  operational  system  to  be  employed  in  a predeployment  environment  and 
could  reside  in  either  an  administrative,  tactical  or  combination  MIS. 

Although  the  development  of  computer  software  for  installation  on 
a USMC  computer  system  was  not  envisioned  at  the  beginning  of  the  study, 
the  obvious  advantages  of  using  a system  such  as  GALAS  to  be  a computer 
assisted  decision  aid  for  field  use  will  require  careful  consideration. 
The  primary  application  for  this  system  would  be  at  the  MAP  staff  level. 
The  proposed  system  would  be  accessed  by  the  MAF  G-4  from  a terminal  in 
his  office  on  line  with  the  MAF  computer.  Within  a period  of  about  5 
hours  or  less,  depending  on  the  number  of  units  in  the  MAGTF  troop  list 
prepared  in  response  to  a warning  order,  the  MAF  G-4  would  be  able  to 
analyze  and  solve  a constrained  amphibious  lift  problem  presented  by  an 
insufficient  number  of  amphibious  assault  ships  achieving  an  optimized 
operationally  ready  force. 

D.  Actions  to  Establish  a Materiel  Weight  and  Cube  Control  Program 

The  third  objective  of  the  study  required  the  development  of 
Materiel  Weight  and  Cube  Control  Program.  In  effect,  this  objective 
defined  a research  task  which  would  develop  a procedure  to  be  included 
within  the  Marine  Corps  materiel  acquisition  process  to  determine  the 
effect  on  amphibious  lift  of  introducing  new  items  of  equipment  into  the 
T/Es  of  FMF  units.  The  MAGTF  System  was  found  to  be  ideally  suited  for 
this  purpose. 
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During  the  acquisition  process  a time  is  reacned  when  the  physical 
characteristics  of  an  item  are  established  on  a conceptual  basis.  Since 
most  items  are  replacing  some  existing  piece  of  equipment,  the  procedure 
advanced  in  this  study  consists  of  performing  an  update  of  the  MAGTF  data 
base  to  include  the  newly  considered  item  of  equipment.  Once  this  is 
done,  MAGTF  runs  would  be  processed  for  units  planned  to  receive  the  new 
equipment.  Lift  totals  of  these  units  would  be  compared  before  and  after 
the  introduction  of  the  new  equipment  to  determine  the  overall  effect  on 
lift. 

The  principal  advantages  of  this  procedure  are  that  the  MAGTF 
program  includes  not  only  the  weight,  cube  and  square  of  the  item,  but 
also  computes  the  secondary  effect  of  fuel  requirements,  repair  parts, 
and  ammunition  requirements  if  appropriate.  The  update  of  the  MAGTF 
data  base  requires  the  inclusion  of  these  secondary  lift  requirements 
when  appropriate. 

The  study  offered  an  example  of  how  this  procedure  should  be 
accomplished  and  computational  results.  The  new  family  of  shelters 
was  used  as  a prime  example.  With  the  increase  of  13,900  square  feet 
of  shelter  space,  an  increase  of  62.5  measurement  tons  of  bulk  cargo 
requirement  and  2500  square  feet  of  square  loaded  cargo  space  on  the  AE 
of  the  CSS  MAF  would  occur  upon  the  introduction  of  the  shelter  items. 


Ill  CONCLUSIONS  AND  RECOMMENDATIONS 


5 


5 

I A.  Conclusions 

I 

The  conclusions  derived  from  the  analysis  reported  herein  have  been 
organized  to  support  each  objective  of  the  study  in  order  of  their  impor- 
tance. Conclusions  are  also  presented  at  the  end  of  each  section. 
Following  each  conclusion  is  a page  number  reference  which  includes  the 
section  and  the  page. 


1.  Obiective  I 

(a)  The  cargo  lift  requirement  for  the  assault  echelon  of  a 
representative  MAE,  as  presented  in  the  MMROP,  is  signif- 
icantly less  than  that  computed  by  the  MAGTF  System. 

(Page 

(b)  Based  on  the  MAGTF  System  Data,  an  amphibious  lift  short 
fall  of  approximately  40  percent  would  occur  when  loading 
the  assault  echelon  of  a notional  MAF  into  the  available 
amphibious  assault  ships  used  in  this  study.  (Page  IV-14.) 

(c)  Based  on  the  MAGTF  System  Data,  significant  amphibious 
lift  short  falls  will  exist  when  attempting  to  load  a 
MAB  whose  troop  list  is  the  size  of  the  notional  MAB 
used  in  this  study  into  a 34-ship  force,  and,  to  a 
greater  extent,  a 21-ship  force.  (Page  VII-56.) 

(d)  The  use  of  GALAS  installed  within  an  automated  command 
and  control  system  provides  the  computational  support 
necessary  to  systematically  determine  the  optimal  oper- 
ationally ready  force  in  a constrained  amphibious  lift 
environment  in  a short  period  of  time  during  the  planning 
phase  of  an  amphibious  operation.  (Page  VII-2.) 

(e)  The  Constrained  T/E  Embarkation  \nalysis  Model  using  the 
criticality  factors  denoting  all  item's  importance  to  a 
unit's  function  provides  a practical  systematic  method- 
ology for  reducing  a unit's  T/E  when  its  lift  requirements 
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must  be  constrained  by  limited  assault  shipping  assets. 

This  analytical  procedure  may  also  be  used  to  compute 
lift  requirements  for  airlift  when  a percentage  reduction 
of  unit  T/E  materiel  is  desired.  (Page  VII-  7.) 

(f)  It  is  feasible  to  implement  GALAS  on  USMC  computer 
systems  to  function  as  a computer  assisted  decision  aid 
in  amphibious  staff  planning.  (Page  IX- 6 . ) 

(g)  Current  USMC  computer  installation  work  loads  will 
dictate  the  timing  of  installing  GALAS  on  USMC  computer 
systems.  (Page  lX-6.) 

(h)  The  overall  capability  of  the  MAGTF  System  and  the 
continuous  requirement  for  lift  data  from  all  categories 
of  cargo  available  from  this  system  justifies  the  expend- 
iture of  effort  to  conduct  the  further  improvement  of 
the  MAGTF  Program  and  continued  updating  of  the  MAGTF 
data  base.  (Page  V-15.) 

(i)  The  MAGTF  System  generated  lift  expression  for  the  MAF 
is  the  most  current  and  accurate  source  of  this  special- 
ized data  in  existence.  (Page  V-  2.) 

(j)  The  known  errors  in  the  MAGTF  System  data  cause  an 
understatement  of  the  total  lift  requirement.  (Page  V-  9.) 

(k)  The  T/E  reviews  conducted  by  units  in  the  FMF  prevent 
the  accumulation  of  significant  quantities  of  non- 
essential  equipment.  (Page  V-16.) 

(l)  The  combat  active  replacement  factor  (CARF)  used  to 
compute  PWRM  for  mountout  and  mountout  augmentation 
is  not  currently  based  on  realistic  expected  consump- 
tion rates  for  supply  classes  IIW  and  VIIW.  (Page  V-30.) 

(m)  The  statement  of  mountout  for  supply  classes  IIW  and 
VIIW  computed  from  current  combat  active  replacement 
factors  (CARF)  may  be  inadequate  to  support  future 
expected  combat  losses.  (Page  V-30.) 

(n)  The  practice  of  using  the  same  value  for  CARF  for 
mountout  calculations  regardless  of  the  different 
missions  of  units  in  the  force  results  in  an  Inadequate 
statement  of  mountout  or  prepositioned  war  reserve 
materiel.  (Page  Vll-51.) 
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(a)  The  lift  requirements  for  the  notional  MAF  AE  are 
larger  than  can  be  satisfactorily  reduced  by  apply- 
ing constraints  to  complete  units  in  order  to  fit 
into  amphibious  assault  shipping  capacity.  The 
solution  procedure  advanced  in  this  study  requires 
the  incremental  phasing  of  certain  AE  units  into  the 
objective  area  from  AFOE  support  ships.  (Page  VII-28.) 

(b)  An  assessment  of  the  time  phased  deployment  ashore 
possibilities  for  combat  and  combat  service  support 
units  within  the  MAGTF  mission  provides  the  greatest 
potential  for  optimizing  the  utilization  of  limited 
amphibious  assault  ship  assets.  (Page  VII-29.) 

(c)  Based  on  GAMUT  simulation  results,  the  potential  for 
landing  the  AE  from  the  amphibious  assault  force  used 
in  this  study  within  3 days  is  a real  possibility. 

(Page  VII -46.) 

(d)  In  some  amphibious  operations,  units  may  begin  unload- 
ing from  AFOE  support  ships  from  D+2  on.  (Page  VII-46.) 

(e)  The  unloading  rates  simulated  by  GAMUT  can  be  supported 
by  the  units  handling  cargo  transfer  operations  at  the 
beach.  (Page  VII -47.) 

(f)  Sufficient  ships  are  available  to  lift  the  AFOE  of 

the  MAF  from  common  user  sealift  assets.  (Page  VlI-69.) 

Objective  III 

(a)  The  comparative  analysis  between  the  existing/replacemcnt 
shelter  systems  performed  with  the  assistance  of  Program 
MAGTF  to  determine  the  effects  upon  amphibious  shipping 
requirements  has  demonstrated  the  usefulness  of  the  pro- 
gram in  a cube,  square,  and  weight  control  program. 

(Page  VIII-9.) 

(b)  The  "conceptual  stage"  of  system  and  materiel  acquisi- 
tion by  the  Marine  Corps  could  utilize  Program  MAGTF 
to  determine  the  total  effects  of  the  new  acquisition 
on  the  lift  requirements  of  the  MAF.  (Page  VIIl-2.) 


(c)  The  utility  of  Program  MAGTF  may  also  be  used  in  the 
"conceptual  phase"  of  system  and  materiel  acquisition 
to  investigate  the  secondary  effects  of  the  acquisition, 
such  as  fuel  consumption,  repair  parts  requirements, 
ammunition  consumption,  and  personnel  requirements. 

(Page  VIII-3.) 


B.  Recommendations 


1.  The  following  recommendations  are  provided  to  satisfy  objectives 

1 and  2^  . 

(a)  The  amphibious  lift  expression  computed  from  the  MAGTF 
System  should  be  by  cognizant  Marine  Corps  considered 
for  adoption  staff  agencies  for  official  planning  data. 

(b)  The  MAGTF  lift  expression  should  be  considered  for  use 
by  Fleet  Marine  Force  Commands  to  determine  materiel 
deficiencies  relative  to  authorized  allowances. 

(c)  The  Constrained  Amphibious  Lift  Analysis  System  should 
be  considered  for  adoption  as  a planning  aid  in  Fleet 
Marine  Force  Commands.  If  recommendation  (c)  is  approved, 
NWRC/SRI  would  be  available  to  prepare  an  IBM  360  computer 
system  version  of  GALAS  and  to  install  on  a MAF  computer 
of  the  360-65  configuration. 

(d)  The  proposal  submitted  to  Headquarters  U.S.  Marine  Corps 
to  conduct  the  improvement  task  for  the  MAGTF  program 
should  be  considered  for  use  at  an  appropriate  time  and 
be  considered  part  of  the  implementation  of  GALAS  on  M/AF 
computer  systems. 

(e)  The  proposal  mentioned  in  the  previous  recommendation 
includes  a task  for  correcting  MAGTF  data  base 
deficiencies  and  to  support  a continuous  data  base 
update  effort.  It  is  also  recommended  that  this  task 
be  given  favorable  consideration. 

(f)  A study  to  conduct  a detailed  analysis  of  the  combat 
active  replacement  factors  used  to  compute  mountout 
for  supply  classes  IIW  and  VIIW  and  usage  rates  for 
supply  class  IX  be  considered  for  the  studies  program 
in  the  near  future.  This  study  should  also  analyze 
the  requirement  to  assign  CARFs  to  units  reflecting 
the  mission  in  the  assigned  values. 

^ See  Page  I-l  for  the  study  objectives. 
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2.  The  following  recommendations  are  provided  to  satisfy  objective  3^'  . 

(a)  That  the  Materiel  Weight  and  Cube  Control  Program  defined 
in  this  study  be  considered  for  adoption  within  the  Marine 
Corps  Materiel  Acquisition  Process. 

(b)  The  utility  of  Program  MAGTF  should  also  be  considered  for 
use  in  the  "conceptual  phase"  of  system  and  materiel  acqui- 
sition to  investigate  the  secondary  effects  of  the  acquisition 
process  to  include  fuel  consumption,  repair  parts  requirements, 
ammunition  consumption,  and  personnel  requirements. 


IV  STATUS  OF  AMPHIBIOUS  LIFT 


A.  General 

In  the  amphibious  planning  cycle,  the  stated  mission,  scheme  of 
maneuver,  and  geographic  characteristics  dictate  the  troop  list  and  days 
of  supply  from  which  amphibious  lift  requirements  are  derived.  At  this 
point  in  the  cycle,  the  number  of  amphibious  assault  ships  required  can 
be  determined,  permitting  the  comparison  of  lift  capacity  with  lift 
requirement.  The  predominant  consideration  in  the  current  amphibious 
planning  environment  is  the  shortage  of  amphibious  assault  ships  needed 
to  conduct  training  exercises,  support  the  forward  deployment  of  the  MAU 
and  MAB,  and  lift  the  assault  echelon  of  the  MAF  when  supporting  contingency 
plans . 

When  considering  the  problem  of  the  amphibious  ship  short  fall,  one 
can  move  in  the  direction  of  obtaining  more  ships,  if  feasible,  or  one  can 
examine  the  nature  of  landing  force  materiel  planned  for  embarkation  to 
discover,  if  possible,  where  reasonable  reductions  may  be  effected.  In 
other  words,  is  the  materiel  to  be  embarked  in  excess  of  that  required  to 
accomplish  the  assigned  mission?  To  answer  this  question,  there  are  four 
principal  areas  to  pursue.  The  first  area  is  the  requirement  to  justify 
each  unit  included  in  the  ^roop  list  with  respect  to  the  landing  force 
mission.  The  second  area  is  the  combat  environment,  which  includes  the 
enemy  situation  and  terrain.  In  this  regard,  certain  units  may  not  be 
required  in  the  objective  area  until  some  period  after  D-Day,  thus 
affecting  the  selection  of  units  embarked  in  assault  shipping.  The  third 
area  is  the  requirement  to  Include  all  Table  of  Equipment  (T/E)  materiel 
belonging  to  each  unit  in  its  loading  plan.  The  fourth  area  is  the 
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specification  of  the  days  of  supply  (DOS)  embarked  with  the  landing  force. 
When  amphibious  lift  capacity  is  fixed  at  some  level  below  the  desired 
lift  requirement,  reductions  must  be  exacted  from  the  four  areas  stated 
above.  Since  a specific  mission  and  combat  environment  was  not  given 
for  the  study,  an  analysis  of  troop  list  adequacy  to  support  a mission 
is  not  included.  However,  tradeoffs  in  lift  requirements  from  removing 
certain  units  from  the  troop  list  are  offered;  these  may  be  used  for 
planning  until  an  actual  mission  is  assigned  to  a landing  force  commander. 
These  four  areas  affecting  landing  force  materiel  constituted  the  major 
research  areas  of  the  study.  Research  into  these  areas  provided  the  sup- 
port for  satisfying  the  first  two  objectives  of  the  project. 

This  section  contains  the  factors  defining  the  scenario  that  provides 
the  structure  for  analyzing  landing  force  materiel  within  a constrained 
amphibious  lift  environment.  The  amphibious  lift  short  fall  will  be 
presented,  along  with  the  lift  capacity  derived  from  the  list  of  amphibious 
ships  and  their  characteristics  affecting  loading  that  were  used  in  the 
study.  The  lift  requirement  for  the  MAP  troop  list  obtained  from  the 
MMROP,  as  modified  by  the  MAGTF  Project  and  the  MAF  troop  list  containing 
the  new  combat  service  support  (CSS)  organizations,  are  used  to  determine 
the  amphibious  lift  short  fall. 

B.  Scenario 

The  structure  for  conducting  this  study  was  directed  to  be  employ- 
ment of  a notional  MAF  as  described  in  the  MMROP.  The  case  taken  for  the 
primary  research  was  the  deployment  of  a MAF  to  an  overseas  destination 
totally  by  sealift,  excluding  self-deployable  fixed  wing  aircraft  and 
those  associated  support  equipments  normally  considered  as  a fly-in 
echelon.  The  AE  was  specified  to  be  lifted  by  amphibious  assault  ships, 
with  the  AFOE  lifted  by  common  user  sealift.  The  AFOE  was  scheduled  to 
arrive  by  D+5,  with  an  increment  scheduled  to  arrive  on  D-Day.  This  case 
constitutes  the  "worst  case"  condition  in  terms  of  the  amphibious  lift 
short  fall. 
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The  following  conditions  define  the  scenario  of  the  study; 


(1)  A notional  MAF  was  deployed  with  no  specific  mission 

(2)  Transit  time  to  the  AOA  was  8 days 

(3)  The  amphibious  assault  consisted  of  two  RLTs  landed 
by  helicopter  at  inland  landing  zones 

(A)  One  RLT  landed  over  the  beach 

(5)  All  support  forces  landed  over  the  beach 

(6)  The  beach  was  organized  into  one  colored  and  two 
numbered  beaches 

(7)  No  time  factors  in  ship  loading  were  considered  in 
the  scenario 

(8)  The  unloading  problem  in  the  objective  area  and  beach 
clearing  operations  were  considered  part  of  the  scenario 

(9)  The  availability  of  common  user  sealift  was  assumed 

(10)  The  troop  list  used  for  the  analysis  conducted  in  the 
study  was  the  notional  MAF  containing  the  new  CSS 
organization. 

The  following  variation  to  the  scenario  was  included: 

(1)  Deploy  the  MAF  by  escalating  from  an  initial  MAB 
deployment , 

C.  Amphibious  Lift  Capacity 

The  ships  available  to  lift  the  AE  of  the  MAF  were  provided  to  the 
project  team  by  CNO  (OP  323).  Table  IV-1  presents  the  ship  types  used 
throughout  the  study.  This  list  contains  all  amphibious  assault  ships 
in  one  fleet  and  a force  of  ships  from  the  other  fleet,  called  the  swing 
force.  The  total  of  the  force  is  59  ships,  and  100  percent  availability 
of  the  ships  is  assumed  in  the  engaged  fleet.  This  assumption  may  not 
be  realistic,  and  an  80  percent  availability  of  the  ships  in  the 
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Table  IV-1 


SHIPS  INVOLVED  TO  LIFT  I MAF 
FY-79 


1 MAF 

From  LANT 

PACFLT 

LANTFLT 

From  PAG 

1 MAF 

Lift 

To  PAG 

Assets 

TYPE 

Assets 

To  LANT 

Lift 

2 

1 

1 

LOG 

1 

1 

2 

6 

2 

4 

LKA 

2 

4 

6 

11 

4 

7 

LPD 

7 

4 

11 

2 

1 

1 

LPA 

1 

1 

2 

7 

4 

3 

LPH 

4 

3 

7 

4 

1 

3 

LHA 

2 

2 

4 

11 

4 

7 

LSD 

6 

5 

11 

16 

6 

10 

LST 

10 

6 

16 



___ 

____ 

59 

23* 

36 

33 

26* 

59 

Size  of  Force  Assumes  100  Percent  Availability  of  Ships 
in  the  Engaged  Fleet 
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engaged  fleet  may  be  more  realistic.  It  should  be  noted  that  the  force 
defined  in  the  MMROP  consists  of  49  ships.  The  ship  types  for  this  total 
are  found  in  Table  IV-2. 

Table  IV-2 

AMPHIBIOUS  SHIP  FORCE  FROM  MMROP 

Number 

2 

4 
9 

5 
5 
8 

16 

Total  49 

This  force,  being  less  than  the  total  for  the  swing  force,  may  be  closer 
to  reality  since  it  allows  for  some  ship  nonavailability. 

The  lift  capacity  of  the  ships  used  in  the  computer  models  of  the 
study  are  listed  in  Table  IV-3.  The  basic  data  source  used  to  determine 
the  ship  lift  characteristics  were  HQFMFPAC  and  HQFMFLANT  pamphlets. 

These  pamphlets  differed  in  their  definition  of  terms  (Tables  IV-4  and 
IV-5  contain  this  data).  The  data  obtained  from  these  pamphlets  was 
further  modified  by  ship  plans  available  at  SRI  as  they  were  applied  to 
a ship  loading/unloading  model  called  GAMUT^that  was  used  in  the  analysis 
of  amphibious  assault  landing  craft.  The  application  of  GAMUT  in  this 
study  will  be  presented  later  in  the  report.  Table  lV-3  lists  the  lift 
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Table  lV-3 


(in  ,\MPHIB10US  LIFT  CAPACITY  USED  IN  THE  COMPUTER  MODEL  (U) 


Order 

3 ype 

ID 

Passengers 

Sq  Ft 

MT 

Barre 1 s 

1 

IJvA 

30 

226 

43,023 

3.138 

0 

2 

LKA 

31 

226 

43,872 

3,133 

0 

3 

LKA 

32 

226 

44,062 

3,133 

0 

4 

LKA 

34 

322 

23,871 

1.343 

0 

5 

LKA 

48 

226 

38,100 

1,823 

1,276 

6 

LKA 

49 

226 

38,100 

2,093 

1,276 

7 

LPA 

33 

1,374 

10,322 

613 

0 

8 

LPA 

47 

1,331 

9,137 

2,764 

4,114 

9 

LHA 

2 

1.903 

28,000 

3,802 

563 

10 

LHA 

2 

1,903 

28,000 

3.802 

563 

11 

LHA 

2 

1 .903 

28,000 

3,802 

563 

12 

LHA 

2 

1 .903 

28,000 

3,802 

363 

13 

LPD 

7 

947 

12,300 

1,564 

0 

14 

LPD 

8 

927 

13,300 

1,576 

0 

13 

LPD 

9 

838 

13,700 

1,188 

0 

16 

LPD 

10 

861 

12,400 

1,413 

0 

17 

LPD 

1 I 

873 

11,000 

1,243 

0 

IH 

LPD 

12 

839 

13,200 

1,440 

0 

1** 

LPD 

41 

923 

13. 100 

873 

2,849 

20 

LPD 

42 

863 

14,000 

1.326 

8,871 

21 

LPD 

43 

1.863 

13,600 

1,111 

8,380 

22 

LPD 

44 

861 

18,400 

549 

8,381 

23 

LPD 

46 

922 

14,100 

404 

8,871 

24 

LSD 

1 3 

333 

4,455 

0 

0 

■»s 

LSI) 

Ih 

323 

4,435 

0 

0 

26 

LSD 

13 

316 

4,435 

0 

99 

27 

LSD 

16 

114 

4,455 

0 

0 

28 

LSD 

17 

337 

4,453 

0 

0 

29 

LSD 

18 

337 

4,455 

0 

0 

30 

LSD 

19 

337 

4,435 

0 

0 

31 

LSD 

30 

316 

4,455 

0 

1,153 

32 

LSD 

31 

308 

4,453 

0 

761 

33 

LSD 

34 

337 

4,453 

0 

780 

34 

LSD 

53 

337 

4,435 

0 

822 

33 

LST 

20 

386 

20,960 

134 

8.738 

36 

LST 

21 

386 

20,960 

134 

8,738 

37 

LST 

22 

386 

20,960 

134 

8,738 

18 

LST 

23 

386 

20,960 

134 

8,738 

39 

LST 

24 

386 

20,960 

134 

8,738 

40 

LST 

25 

386 

20,960 

134 

8,738 

41 

LST 

26 

386 

20,960 

134 

8,738 

42 

I.ST 

27 

386 

20,960 

134 

8,738 

43 

LST 

28 

386 

20,960 

134 

8.738 

44 

I.ST 

29 

386 

20,960 

134 

3,738 

43 

LST 

36 

317 

24.000 

600 

3,372 

46 

LSI' 

37 

393 

21 .000 

525 

8.784 

47 

LST 

58 

387 

21.000 

525 

8.784 

48 

LST 

59 

396 

24,000 

600 

5,628 

49 

LST 

60 

38  7 

24 , 000 

0 

5.628 

30 

LST 

61 

187 

23,780 

0 

5,628 

31 

LPM 

3 

1.771 

4,766 

1 ,434 

6.333 

32 

t.PH 

4 

1,764 

4,338 

1,296 

6,333 

53 

I.PH 

5 

1,815 

5,886 

1,272 

6,333 

34 

LPH 

36 

1,970 

5,36  7 

1,472 

6,489 

53 

I.PH 

37 

1,948 

7,370 

1.444 

7,060 

36 

LPH 

38 

1,933 

6,781 

1.342 

6,909 

37 

LPH 

19 

1,801 

6,349 

1 , 143 

8,863 

T0T;\I, 

711,923” 

47,192* 

223,409 

if 

Totals  roduced  bv  broken  stowage  factor. 
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Table  IV-4 


(U)  HQKMFPAC  St)lkCE  (U> 


ID 

Ship 

Passengers 

Cu  Ft 

Sq  Ft 

Sq  Ft  Add '1  (X 

1000) 

1 

Blue  Ridge  LCC-19 

281 

0 

2,800 

Helo  plat 

5 

Fit  deck 

60 

-> 

Tarawa  LHA-1  (,F> 

1903 

152.112 

29,400 

llgr  deck 

21 

Well  deck 

19 

Hgr  deck 

13 

i 

Okinawa  LPH-3  (F) 

1771 

57.366 

4,766 

Fit  deck 

45 

4 

Tripoli  LPH-IO  (F3 

1764 

51,820 

4,338 

-Do- 

5 

New  Orleans  LPH-ll  < F) 

1815 

50,882 

5,586 

-Do- 

Well  deck 

8 

6 

Vancouver  LPD-2 

926 

28.056 

11,928 

Helo  plat 

14 

We  1 1 deck 

8 

7 

Ogden  LPD-5 

94  7 

61,831 

14,083 

Helo  plat 

15 

Well  deck 

8 

8 

Duluth  l.PD-6 

927 

63,054 

15,185 

Helo  plat 

15 

Well  deck 

7 

9 

Cleveland  LPD-7  (F) 

858 

47,525 

15,618 

Helo  plat 

15 

We  11  deck 

7 

10 

Dubu'vc  LPD-8  (F) 

861 

56,509 

13,978 

Helo  plat 

15 

Well  deck 

7 

II 

Denver  LPD-9  (F) 

875 

49,699 

12,104 

Helo  plat 

15 

Well  deck 

7 

12 

Juneau  LPD-IO  ^F) 

859 

57,614 

15,025 

Helo  plat 

15 

Well  deck 

18 

13 

Thomaston  LSD- 28 

333 

6,010 

9,432 

Helo  plat 

5 

Well  deck 

18 

14 

Pt  Defiance  LSD-31 

■ 323 

5,523 

9,012 

Helo  plat 

5 

Well  deck 

18 

15 

Alamo  LSD- 33 

316 

3,957 

8,268 

Helo  plat 

5 

Well  deck 

18 

16 

Nont icc 1 lo  LSD- 35 

314 

4,473 

8,960 

Helo  plat 

5 

Well  deck 

20 

17 

Anchorage  LSD- 36 

337 

1,580 

11 ,201 

Helo  plat 

5 

Well  deck 

20 

18 

Mt  Vernon  LSD- 39 

337 

1,580 

11,201 

Helo  plat 

5 

Well  deck 

20 

19 

Ft  Fisher  LSD-40 

337 

1.580 

11,201 

Helo  plat 

5 

20 

Fresno  LST-U82 

386 

5.370 

20,960 

Helo  plat 

2.6 

21 

Peoria  LST-1183 

386 

5,370 

20,960 

Helo  plat 

2.6 

22 

Frederick  LST-1 184 

386 

5,370 

20,960 

Helo  plat 

2.6 

23 

Schenectady  LS T- 1 185 

386 

5,370 

20,960 

Helo  plat 

2.6 

^4 

Cavuga  l^ST-  1 186 

386 

5,370 

20,960 

Helo  plat 

2.6 

25 

Tuscaloosa  LST- 1 187 

386 

5,370 

20,960 

Helo  plat 

2.6 

26 

San  Bernardino  LST-1189 

386 

5.370 

20,960 

Helo  plat 

2.6 

27 

Racine  LST-1 191 

386 

5,370 

20,960 

He lo  plat 

2.6 

28 

Rarbv’ur  Cty  LSI'- 1195 

386 

5,370 

20,960 

Helo  plat 

2.6 

29 

Bristol  Cty  LST- 1 198 

386 

5,370 

20,960 

Helo  plat 

2.6 

30 

Durham  LKA-H4 

226 

126,329 

43,025 

Helo  plat 

5 

31 

Mobile  LKA-U5 

226 

126.114 

43,872 

Helo  plat 

5 

32 

St  Louis  LKA-116 

226 

126.107 

44.062 

Hole  plat 

5 

35 

Paul  Revere  LPA-248 

1374 

24,524 

10, 322 

HciO  plat 

4 

34 

Tulare  LKA- 1 12 

322 

53,706 

23,871 

Helo  plat 

4 
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Table  IV-5 


HQFMFLANT  SOURCE 


ID 

Ship 

Passengers 

Cu  Ft 

Sq  Ft 

35 

Mount  Whitney  LCC-20 

627 

24,408 

3,426 

36 

Iwo  Jima  LPH-2 

1970 

58,883 

5,567 

37 

Guadalcanal  LPH-7 

1948 

57,746 

7,370 

38 

Guam  LPH-9 

1933 

53,687 

6,781 

39 

Inchow  LPH-12 

1801 

45,707 

6,349 

40 

Raliegh  LPD-1 

931 

84,094 

11,000 

41 

Austin  LPD-4 

925 

34,934 

14,848 

42 

Coronado  LPD-11 

863 

53,055 

16,093 

43 

Shreveport  LPD-12 

1863 

44,456 

15,564 

44 

Nashville  LPD-13 

861 

42,319 

21,975 

45 

Trenton  LPD-14 

924 

48,951 

13,754 

46 

Ponce  LPD-15 

922 

53,263 

16,184 

47 

Francis  Marion  LPA-249 

1331 

110,570 

9,137 

48 

Charleston  LKA-113 

226 

79,983 

38,100 

49 

El  Paso  LKA-117 

226 

83,714 

38,100 

50 

Plymouth  Rock  LSD-29 

316 

N/A 

26,371 

51 

Port  Snelling  LSD- 30 

308 

N/A 

27,525 

52 

Spiegel  Grove  LSD-32 

273 

N/A 

28,746 

53 

Heritage  LSD-34 

265 

N/A 

30,412 

54 

Portland  LSD-37 

337 

N/A 

32,269 

55 

Pensacola  LSD-38 

337 

N/A 

32,269 

56 

Newport  LST-1179 

317 

N/A 

24,000 

57 

Manitowac  LST-1180 

393 

N/A 

21,000 

58 

Sumter  LST-1181 

387 

N/A 

21,000 

59 

Saginaw  LST-1188 

396 

N/A 

24,000 

60 

Boulder  LST-1190 

387 

N/A 

24,000 

61 

Spartanburg  County  LST-1192 

386 

N/A 

23,780 

62 

Fairfax  County  LST-1193 

386 

N/A 

24,094 

63 

La  Moure  County  LST-1194 

345 

N/A 

24,094 

64 

Harlan  County  LST-1196 

294 

N/A 

24,094 

65 

Barnstable  County  LST-1197 

294 

N/A 

22,000 
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data  used  in  the  Transportation  Feasibility  Estimator  (TFE)  Model  and  the 
Constrained  Cargo  Factoring  Model,  which  are  also  explained  in  a later 
section  of  this  report. 

The  following  considerations  were  used  in  determining  the  data  in 
Table  IV-3: 

Well  deck  space  was  used  for  boats  of  the  Assault  Craft  Unit  and 
LVTs.  The  square  loading  capacity  assigned  to  well  deck  spaces  was  based 
on  preloading  the  boats.  A broken  stowage  factor  of  .6  was  used  in  load- 
ing vehicles  into  boats.  The  square  feet  of  the  boats  and  LVTs  was  not 
included  in  the  unit's  cargo  totals  holding  this  materiel. 

Helicopter  platforms,  flight  deck,  and  hangar  deck  spaces  were  not 
included  in  ship  loading  capacity.  Aircraft  were  not  included  in  lift 
requirements  for  squadrons. 

Due  to  the  nature  of  the  cargo  found  in  the  AE  of  the  MAF,  the  models 
of  this  study  were  designed  to  convert  excess  square  loading  space  into 
bulk  cargo,  if  available.  No  square  loaded  cargo  was  permitted  to  be 
loaded  into  bulk  stowage  spaces.  Broken  stowage  factors  were  assigned 
as  follows; 


(1) 

Bulk 

BSF  = .8 

(2) 

Square 

BSF  = .75 

The  passenger  and  bulk  fuel  cargo  categories  were  not  included  in  the 
analysis  of  this  study. 

No  special  considerations  were  made  for  loading  ammunition  or  handling 
supply  class  V separately.  Investigation  of  ammunition  stowage  spaces 
revealed  that  sufficient  space  existed  with  the  ships  of  the  force  supporting 
the  AE  of  the  MAF.  An  assumption  is  therefore  made  that  ammunition  will  be 
stowed  separately  in  assigned  spaces.  Any  unused  space  resulting  from  an 
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Insufficient  amount  required  on  separate  ships  was  not  allowed  in  the  model. 
Therefore,  class  V was  included  in  the  total  bulk  for  loading,  and  all 
ammunition  spaces  were  included  in  ship  capacity. 

The  helicopter  loading  problem  on  the  LHA  and  LPA  type  ship  was  not 
included  in  this  study.  Only  personnel  and  all  other  material  for  units 
having  aircraft  was  considered  in  the  loading  analysis. 

D.  Amphibious  Lift  Requirements 

Before  the  comparison  of  lift  capacity  with  lift  requirement  can  be 
made,  cargo  totals  for  the  MAF  must  be  established.  Table  IV-6  presents 
two  notional  MAF  lift  requirement  cargo  totals.  In  the  table  the  cargo 
totals  for  the  notional  MAF  are  derived  from  a troop  list  provided  to  the 
MAGTF  Project  by  the  Study  Advisory  Committee.  With  some  alterations,  the 
troop  list  used  for  this  MAF  is  the  same  as  in  the  MAGTF  Project,  At  the 
beginnings  of  this  study,  this  MAF  was  adopted  as  the  base  case  for  all 
analysis.  Table  IV-7  provides  an  outline  of  the  organizational  structure 
of  this  MAF,  At  the  end  of  Phase  I of  the  study,  the  project  team  was 
advised  that  a new  organizational  structure  for  combat  service  support^ 

(CSS)  was  adopted  for  Integration  into  the  FMF.  Research  was  begun  at 
that  time  to  develop  cargo  data  for  a notional  MAF  that  included  the  new 
CSS  structure.  The  organizational  structure  in  outline  form  for  the  CSS 
MAF  is  listed  in  Table  IV-8.  The  detailed  troop  lists  for  these  MAFs  are 
found  in  Appendix  B.  As  sho- n in  Table  IV-6,  cargo  lift  requirements  for 
the  two  notional  MAFs  are  considerably  higher  than  the  data  presented  in 
the  MMROP  for  the  same  MAF  troop  list.  The  significant  differences 
between  the  MMROP  data  and  the  other  raises  the  question  of  data  validity. 
This  subject  will  be  discussed  in  detail  in  Section  V.  The  troop  list 
for  a notional  MAF  provided  in  the  MMROP  differs  from  those  used  in  MAGTF 
by  including  two  TOW  Co,  a Tank  Bn,  and  two  155mm  How  Btry,  FAC.  The 
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Table  IV-6 


NOTIONAL  MAF  SOURCE  COMPARISONS 


Notional 

CSS  Notional 

* 

Bulk,  MT 

82,906 

77,624 

Square,  sq 

ft 

870,856 

786,926 

AFOE 

* 

Bulk,  MT 

105,749 

189,009 

Square,  sq 

ft 

658,076 

648,209 

* 

Measurement  Tons 


I 


'A 
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NOTIONAL  MARINE  AMPHIBIOUS  FORCE  (MAE) 


Assault  Eche Ion 


Command  Element 
Radio  Bn 

Communications  Bn 

Ground  Combat  Element 
Marine  Division 
Tank  Bn 
AMT RAC  Bn 
Field  Arty  Grp 

Aviation  Combat  Element 
MACG 

2nd  MAG  (VH) 

Combat  Service  Support  Element 
Medical  Bn 
Service  Bn 
Shore  Party  Bn 
Military  Police  Bn  /-/ 
Engineer  Bn  /-/ 

Det  FSR 

Assault  Follow-On  Echelon 

Command  Element 

Aviation  Combat  Element 
LAAM  Bn 
MWSG 

Combat  Service  Support  Element 
Det  Serv  Bn 
MT  Bn 

Det  Engr  Bn 
FSR 

Fly-In  Echelon 


Aviation  Combat  Element 
Det  3rd  MAG 


Table  IV-8 


css  NOTIONAL  MARINE  AMPHIBIOUS  FORCE  (MAF) 
Assault  Echelon 


Command  Element 
Radio  Bn 

Communications  Bn 

Ground  Combat  Element 
Marine  Division 
Tank  Bn 
AMTRAC  Bn 
Field  Arty  Grp 

Aviation  Combat  Element 
MACG 

2nd  MAG  (VH) 

Combat  Service  Support  Element 
Medical  Bn 
Div  Serv  Spt  Grp 
Military  Police  Bn 
Engineer  Bn  /-/ 

Det  FSSG 

Assault  Follow-On  Echelon 

Command  Element 

Aviation  Combat  Element 
LAAM  Bn 
MWSG  /-/ 

Combat  Service  Support  Element 
MT  Bn  /-/ 

Det  Engr  Spt  Bn 
FSSG  /-/ 

Fly-In  Echelon 

* Aviation  Combat  Element 

Det  3rd  MAG 

I 
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source  for  the  cargo  data  of  the  notional  MAF  and  the  version  containing 
the  new  CSS  structure  was  the  MAGTF  System. 

E . Amphibious  Lift  Short  Fall 

The  MAF  lift  data  presented  herein  was  compared  with  the  amphibious 
lift  capacity  to  obtain  an  understanding  of  the  extent  of  the  lift  short 
fall.  The  data  provided  by  the  MAGTF  System  for  the  assault  echelon  of 
the  MAF,  when  compared  to  the  lift  capacity  of  the  59-ship  force  used  in 
the  study,  indicates  a lift  short  fall  of  40  percent  for  bulk  cargo  and 
10  percent  for  square  loaded  cargo.  Based  on  data  from  the  present  study, 
only  60  percent  of  the  AE  of  the  notional  MAF  will  fit  in  the  available 
ships.  The  lift  data  contained  in  the  MMROP  indicates  that  all  AE  cargo 
for  the  same  MAF  can  be  lifted  by  the  59-ship  force. 

These  results  reveal  the  extent  of  the  problem  facing  the  amphibious 
planner.  The  completion  of  the  MAGTF  System  project  in  January  1975  made 
possible  the  undertaking  of  the  study  now  being  reported.  The  foundation 
of  all  study  results  to  be  presented  herein  is  based  on  the  data  generated 
by  the  MAGTF  System.  Therefore,  Section  V presents  an  analysis  of  landing 
force  materiel  in  order  to  substantiate  the  results  obtained  from  the 
entire  study. 


F.  Conclusions 

The  following  conclusions  are  presented  based  on  the  MAGTF  System 

data; 

(a)  The  cargo  lift  requirement  for  the  assault  echelon  of  a 
representative  MAF,  as  presented  in  the  MMROP,  is  signif- 
icantly less  than  that  computed  by  the  MAGTF  System. 

(Page  IV-10.) 

(b)  Based  on  the  MAGTF  System  Data,  an  amphibious  lift  short 
fall  of  approximately  40  percent  would  occur  when  loading 
the  assault  echelon  of  a notional  MAF  into  the  available 
amphibious  assault  ships  used  in  this  study.  (Page  lV-14.) 


f 

I 

I 

In  summary,  this  section  has  provided  the  framework  for  conducting 
the  study  from  the  scenario  description.  The  data  used  to  represent 
amphibious  lift  capacity  for  the  study  was  provided  along  with  a state- 
ment of  MAF  lift  requirements.  The  extent  of  the  amphibious  lift  short 
fall  was  then  presented,  highlighting  the  magnitude  of  the  problem  to  be 
solved  within  this  study. 
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V ANALYSIS  OF  LANDING  FORCE  MATERIEL  REQUIREMENTS 


A.  General  ] 

An  accurate  statement  of  the  cargo  lift  requirement  for  the  assault  ^ 

echelon  of  a MAF  configured  for  an  amphibious  assault  is  essential  before  i 

the  adequacy  of  the  amount  of  assault  shipping  can  be  determined.  The 
previous  section  illustrated  the  variety  of  assessments  of  amphibious 
lift  capacity  that  can  result  from  vastly  dissimilar  statements  of  lift 
requirement.  Cargo  lift  requirements  were  presented  for  two  notional 
MAFs  generated  from  the  MAGTF  System.  It  is  therefore  necessary  to  sub- 
stantiate the  data  used  in  this  study  that  was  obtained  from  the  MAGTF 
System. 

A major  part  of  project  work  was  devoted  to  an  improvement  effort 
of  the  MAGTF  Program  and  to  data  base  update  to  enhance  system  processing 
time  and  data  accuracy.  Results  of  these  efforts  are  reported  in  this 
section.  An  explanation  of  the  nature  and  composition  of  MAGTF  data 

output  is  presented  to  provide  an  understanding  of  MAGTF  data,  which  is  ■ 

expected  to  establish  its  validity. 

Various  adjustments  to  materiel  of  the  MAF  may  have  impact  on  lift 
requirements  during  the  19'76-1980  time  period.  Research  into  these 

areas  was  among  the  tasks  of  the  study.  Results  from  this  work  are  ] 

presented  in  this  section.  • I 

j 

B.  The  MAGTF  System  | 

1 . MAGTF  Improvement 

The  MAGTF  System^,  when  installed  on  the  HQMC  computer,  processed 

j 

the  first  MAF  using  as  input  the  troop  list  of  the  notional  MAF  found  in  ■ 
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Appendix  B.  The  processing  time  was  about  63  hours.  The  restart 
procedure  designed  in  the  MAGTF  Program  permitted  processing  the  MAF  in 
2-  to  8-hour  increments.  The  output  from  this  run  indicated  minor  errors 
in  the  data  base  and  the  program  code.  At  the  beginning  of  this  project, 
the  MAGTF  System  was  also  operational  on  the  SRI  CDC  6400  computer. 

Since  MAGTF  was  required  to  provide  the  data  for  this  project  and  the 
processing  time  was  excessive,  a task  was  included  and  approved  in  the 
study  outline  plan  to  conduct  a limited  program  modification  to  the  MAGTF 
Program  for  the  purpose  of  reducing  processing  time.  This  task  also  in- 
cluded the  correction  of  any  processing  errors  found  in  the  program  as 
the  result  of  extensive  use  of  the  output.  When  completed,  this  effort 
reduced  the  running  time  of  the  same  troop  list  to  15  hours.  (The  actual 
time  will  vary  according  to  the  number  of  programs  processing  simulta- 
neously in  the  computer.) 

The  new  version  of  the  MAGTF  Program  was  installed  on  the  HQMC 
computer  when  completed.  Use  was  made  of  the  Naval  Postgraduate  School, 
Monterey,  California,  Computer  Center  for  debugging  and  processing  most 
production  runs  needed  for  the  study.  Appendix  G provides  a complete 
explanation  of  the  MAGTF  improvement  task.  Although  a dramatic  reduction 
in  processing  time  was  achieved  during  this  effort,  further  modifications, 
identified  as  the  result  of  this  work,  are  expected  to  reduce  processing 
time  by  at  least  50  percent.  When  processing  a MAF  in  5 to  7 hours 
becomes  possible,  extensive  use  of  the  capabilities  of  the  system  will 
be  feasible  on  the  larger  MAF  computer  available  in  the  FMF. 

2 . MAGTF  Lift  Composition  and  Validity 

The  MAGTF  System  provides  the  lift  expression,  i.e.,  total 
cargo  requirements,  for  all  units  in  the  FMF  for  which  T/Os  and  T/Es  exist 
in  Marine  Corps  automated  files.  There  are  two  types  of  units  in  the  MAGTF 
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data  base;  these  are  major  units  and  basic  units,  which  are  defined  in 
the  MAGTF  System  to  be: 

• Basic  unit--companies , batteries 

• Major  unit--any  organizational  level  having 
"basic  units"  as  subordinate  units,  i.e., 
battalions  and  higher  level  organizations. 

The  following  explanation  of  unit  lift  data  applies  to  the 
basic  unit.  Lift  data  for  major  units  is  obtained  from  processing  sub- 
ordinate basic  units.  Appendix  B contains  two  simple  basic  unit  listings 
which  can  be  used  for  reference  during  the  following  discussion. 

Cargo  data  for  a basic  unit  consists  of  initial  Issues  and 
mountout.  Included  in  initial  issues  are  garrison  operating  stocks  which 
are  a function  of  theater  peacetime  training  allowances  obtained  from  the 
Item  Data  File  (IDF).  The  MAGTF  System  defines  garrison  operating  stocks 
for  supply  class  IX  only.  Initial  issues  consist  of  T/E  items  obtained 
from  the  HQMC  Equipment  Allowance  File  (EAF),  which  is  the  source  of  the 
printed  USMC  T/E  listing.  The  T/E  is  composed  of  supply  classes  IIW  and 
VIIW  and  limited  IV.  The  MAGTF  data  base  receives  the  same  allowance  as 
the  printed  T/E  for  any  basic  unit.  In  addition  to  ground  equipment, 
supply  classes  IIA  and  VlIA  are  included  in  initial  issues  for  aviation 
units.  Data  for  classes  IIA  and  VllA,  ground  support  equipment  (GSE), 
were  obtained  from  the  ADMRL  File  provided  to  SRI  by  the  Aviation  Materiel 
Office,  Norfolk,  Virginia.  Supply  classes  VIIW  and  VIIA  are  further 
separated  into  square  loaded  and  non-square  loaded  items  for  embarkation 
purposes.  The  beds  of  all  trucks  and  trailers  contained  within  basic 
units  are  used  as  mobile  loading  capacity.  The  MAGTF  Program  uses  this 
space  to  mobile  load  designated  cargo  of  all  eligible  supply  classes  of 
the  unit,  thereby  providing  an  accounting  for  utilized  and  nonutilized 
mobile  loading  space.  The  weight  and  dimensions  for  all  class  IIW, 

VIIW,  and  some  VIIA  items  contained  in  the  MAGTF  data  base  were  obtained 
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from  a 2-year  data  gathering  and  validation  task  within  the  MAGTF  Project. 
The  MCDEC  Project  Officer  conducted  this  extensive  effort,  wiiich  is  the 
foundation  of  the  MAGTF  data.  Continuous  updating  and  correcting  efforts 
since  1974  have  achieved  an  accuracy  of  over  90  percent  for  this  data. 

This  effort,  of  course,  never  ends  so  long  as  the  system  is  in  continuous 
use.  Sample  listings  for  initial  issues  by  supply  class  are  found  in 
Appendix  B,  "MAGTF  Sample  Output." 

The  second  cargo  category  for  the  basic  unit  is  mountout.  This 
category  consists  of  all  nine  classes  of  supply.  For  explanatory  purposes, 
mountout  is  composed  of  five  separate  categories.  The  first  category 
includes  supply  classes  I,  VI,  and  VIII.  Data  for  this  group  of  supply 
classes  included  in  the  MAGTF  System  was  derived  from  the  Table  of 
Authorized  Materiel  (TAM)  and  from  the  MAGTF  Project  Officer  at  the  Marine 
Corps  Development  and  Education  Command  (MCDEC),  Quantico,  Virginia,  The 
values  for  weight  and  cube  Inserted  in  the  MAGTF  data  base  were  therefore 
based  on  Marine  Corps  and  Navy  authorized  planning  factors  for  1 day  of 
supply  (DOS).  All  data  computed  by  the  MAGTF  System  in  this  category  was 
validated  by  the  project  team  and  by  a validation  committee  at  MCDEC 
before  completion  of  the  MAGTF  Project. 

The  second  category  within  mountout  consists  of  supply  class 
III.  The  MCDEC  Project  Officer  provided  a deck  of  all  Marine  Corps  TAM 
items  for  classes  IIW  and  VIIW  that  consume  fuel  or  have  a mobile  loaded 
item  that  consumes  fuel.  The  data  provided  included  gallons  per  hour  and 
average  hours  per  day  foir  the  type  of  fuel  consumed  for  each  TAM  item. 

From  this  source  the  total  gallons  per  day  for  each  type  of  fuel  consumed 
per  TAM  item  was  computed  and  entered  into  the  MAGTF  data  base.  Included 
was  all  packaged  grease,  gear  lube,  and  engine  lube,  which  were  computed 
as  functions  of  the  total  gallons  of  gasoline  and  diesel  as  specified  by 
the  TAM.  Class  III  consumables  of  all  types  were  entered  for  all  aircraft 
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types  from  data  provided  from  the  MCDEC  Project  Officer  (see  Appendix  B 
for  sample  MAGTF  listings). 


The  third  mountout  category  is  supply  class  V.  Data  for  this 
class  was  entered  directly  into  the  MAGTF  data  base  from  Marine  Corps 
Order  8010. IB.  This  data  provides  the  basic  allowance  for  each  DODIC 
fired  by  each  weapon  or  individual.  The  mountout  assault  rates  and 
sustaining  rates  for  these  DODICs  were  obtained  from  the  IDF.  A unit's 
ammunition  load  consists  of  the  basic  allowance  and  the  specified  number 
of  DOS  of  mountout.  Values  computed  by  MAGTF  have  been  validated  by  the 
MCDEC  committee  (see  Appendix  B for  sample  listings  for  class  V).  Class 
VA  was  obtained  in  a classified  version  for  each  aircraft.  To  avoid 
complicating  the  handling,  the  detailed  classified  data  was  not  entered 
into  the  data  base.  An  unclassified  version  of  total  weight  and  cube 
for  each  aircraft  was  computed  and  included  in  the  data  base. 

The  fourth  category  in  mountout  is  supply  class  IX.  Data  for 
this  class  was  obtained  from  the  Marine  Corps  Supply  Activity,  Phila- 
delphia, which  provided  methods  of  calculating  the  weight  and  cube  of 

all  repair  parts  needed  to  support  an  end  item  for  all  echelons  of 

J 

maintenance  for  one  day.  The  automated  files  provided,  unfortunately 
contained  repair  parts  for  only  about  one-third  of  the  end  items.  In- 
cluded in  the  class  IX  category  are  the  secondary  reparables  with  sub- 
class designation  of  R-Code  and  D-Code.  Data  for  these  items  was  provided 
on  magnetic  tape.  Hie  information  on  this  tape  was  extracted  by  program 
totals  calculated  for  the  MAF  and  loaded  into  the  data  base.  This  cargo 
requirement  is  included  in  the  supply  company  detachment  of  both  MAF 
lift  expressions. 

The  last  categories  are  classes  IIW  and  VIIW.  TTie  mountout 
computed  for  these  classes  was  based  on  the  combat  active  replacement 
factors  contained  in  the  TAM  and  the  T/E  allowances.  Sources  for  these 
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items  were  the  EAF  and  IDF  automated  files.  Materiel  obtained  for 
classes  IIA  and  VIIA  as  initial  issues  includes  90  days  mountout  by 
definition.  Therefore  no  additional  materiel  for  aviation  was  included 
in  mountout. 

Now  that  MAGTF  data  has  been  explained,  the  organization  of 
cargo  for  loading  may  be  presented.  For  each  basic  unit,  cargo  is  com- 
posed of  the  unit  load  and  landing  force  supply.  The  unit  load  consists 
of  the  initial  issues  and  a prescribed  number  of  DOS  for  mountout.  The 
MAGTF  Program  calculates  the  unit  mountout  cargo  to  the  desired  number 
of  DOS  as  directed  by  the  landing  force  commander.  In  this  study  five 
DOS  have  been  specified  for  mountout  accompanying  the  unit.  This  value 
was  included,  along  with  other  parameters,  for  cargo  computation. 

Although  the  DOS  for  mountout  contained  in  the  unit  load  may  be  greater 
than  can  be  transported  by  organic  means,  as  defined  by  the  "prescribed 
load^,"  the  excess  cargo  will  still  require  handling  as  landing  force 
supply.  The  specification  of  the  DOS  for  unit  load  does  not  change  total 
lift  requirement  for  the  AE.  The  effect  is  mostly  felt  in  the  total 
cargo  required  for  initial  helicopter  lift  in  the  short  run,  but  does  not 
affect  total  cargo  helicopter  lift  requirements  over  the  period  of  the 
assault  phase. 

Aviation  units  having  aircraft  contain  GSE  equipment  for  OMA 
and  IMA  support  as  computed  by  the  MAGTF  Program.  The  IMA  materiel  is 
always  held  by  the  H6MS  in  reality.  This  category  of  classes  IIA  and 
VIIA  is  stored  in  the  MAGTF  data  base  by  aircraft  rather  than  by  unit 
due  to  the  organization  of  the  source  data  file. 

Landing  force  supply  contains  all  classes  of  supply  found  in 
mountout  by  the  specified  numbers  of  DOS.  For  the  AE  of  this  study, 

10  DOS  were  assigned.  Landing  force  supply  is  computed  for  each  unit 
based  on  its  requirement,  even  though  this  materiel  is  consolidated  for 


handling  in  loading  and  unloading.  The  materiel  is,  of  course,  loaded 
throughout  the  ships  of  the  amphibious  task  force. 

The  final  category  of  materiel  is  the  operational  readiness 
float  of  major  end  items.  The  EAF  has  provided  a source  for  float  com- 
putations to  support  a MAF.  The  data  for  this  float  was  obtained  but 
consisted  of  class  VIIW  items  only.  A figure  of  one-third  the  total 
number  of  items  was  assigned  to  the  AE,  with  the  remainder  assigned  to 
the  AFOE.  The  supply  company  detachment  was  assigned  the  extra  square 
loading  items  for  accounting  purposes. 

Table  V-1  provides  a graphic  representation  of  MAGTF  cargo 
data  organization  as  previously  explained.  This  representation  does  not 
reflect  relative  size  of  the  cargo,  but  only  the  supply  class  breakdown 
in  each  category  of  the  AE  lift  expression. 

When  an  amphibious  operation  is  planned  for  the  climatic 
conditions  of  desert,  cold  weather,  or  Arctic,  an  additional  amount  of 
materiel  can  be  provided  to  the  lift  expression  by  setting  an  input  param- 
eter to  the  MAGTF  Program.  The  additional  cargo  will  be  mainly  supply 
class  IIW,  type  3,  and  class  III,  containing  an  additional  amount  of 
fuel  for  stoves  and  other  fuel  consumers  found  in  T/Es  for  these  climatic 
conditions.  This  capability  was  not  used  in  this  study.  The  effect  of 
an  extreme  climatic  condition  is  a dramatic  increase  in  lift  requirements. 

3.  Data  Base  Update 

The  Study  Outline  Plan  included  a task  for  a limited  update  of 
parts  of  the  MAGTF  data  base.  It  was  desired  to  have  as  accurate  a 
representation  of  lift  as  possible  within  the  time  constraints  of  the 
study.  An  update  from  three  primary  source  tapes  was  accomplished. 


Table  V-1 


ASSAULT  ECHELON  LIFT  SUPPLY  CLASS  ORGANIZATION 


Unit  Load 

Landing  Force  Supply 

1,  IIW,  III,  IV,  V,  VI. 

I,  IIW,  III,  IV,  V,  VI 

VIIW,  VIII,  IX 

VIIW,  VIII,  IX 

- 5 DOS  Mountout  - 

VIIW 

Square  Loaded 

- 5 DOS  Mountout  - 

- 10  DOS  Mountout  - 

Operational  Readiness  Float 

VIIW 

IIW,  IIA,  IV,  VIIW,  VIIA 

Square  Loaded 

- T/E  - 

VIIW,  VIIA 
Square  Loaded 

- T/E  - 

- 10  DOS  Mountout 

Personnel  adjustments  are  constantly  occurring  in  the  T/Os  of 
various  units.  The  Table  of  Manpower  Requirements  (TMR)  Automated  Master 
Line  File  is  the  source  for  T/Os  in  the  MAG'IF  data  base.  Distribution  of 
these  files  includes  NWRC/SRI.  Three  separate  updates  from  the  TMR  were 
accomplished  during  the  study.  The  last  update  included  all  new  CSS  and 
aviation  units  recently  placed  in  the  file. 

The  next  major  update  was  from  the  EAF,  which  made  current  the 
T/Es  of  units  in  the  MAGTF  data  base.  Three  complete  updates  from  this 
file  were  accomplished,  including  the  new  CSS  and  aviation  units. 
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Three  updates  by  manual  preparation  methods  were  also  completed. 

These  updates  included  a group  of  TAMs,  for  which  weight  and  dimensions  were  not 
previously  available,  and  corrected  all  data  base  errors  discovered  from 
the  continuous  use  of  the  output  listings. 

The  following  sources  for  update  were  not  obtained,  or  were  not 
accomplished  due  to  reprogramming  requirements  which  could  not  be  performed 
in  the  time  frame  of  the  study: 

(1)  Aviation  repair  parts 

(2)  ADMRL  File  GSE  Data 

(3)  Table  of  Basic  Allowance  (TBA)  File 

(4)  Ground  repair  parts. 

In  effect,  no  update  of  aviation  materiel  was  possible.  Data  was 
obtained  for  ground  repair  parts,  but  the  extensive  programming  effort 
necessary  could  not  be  accommodated  within  the  time  constraints  of 
the  study. 

4.  Data  Base  Deficiencies 

Certain  deficiencies  in  MAGTF  data  remained  at  the  conclusion  of 
the  MAGTF  Project.  These  deficiencies  cause  an  understatement  of  the  lift 
requirement.  The  error  in  MAGTF  output,  therefore,  causes  the  lift  ex- 
pression to  be  less  than  total  requirements.  These  deficiencies  were  not 
corrected  during  the  MAGTF  Project  due  to  extreme  difficulties  encoun- 
tered at  the  time.  Each  deficient  area  is  explained  below,  along  with 
the  corrective  measures  taken. 

The  designation  of  certain  items  in  supply  class  VIIA  as  square 
loaded  equipments  obtained  from  the  TBA  File,  was  not  accomplished,  ihis 

problem  also  occurred  to  a limited  degree  for  GSE  items  as  well.  An 
estimate  of  1000  square  feet  was  added  to  each  unit  having  aviation  equip- 
ment to  partially  correct  this  deficiency, 
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Supply  class  IIIA  failed  to  include  fuel  requirements  for  GSE 
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I 

fuel  consumers.  Estimates  of  the  fuel  requirement  for  each  aircraft 
having  this  type  of  equipment  was  added  to  the  MAGTF  data  base. 

As  previously  mentioned,  class  IXW,  repair  parts  were  initially 
obtained  for  about  one-third  of  the  end  items  in  unit  t/Es.  This  means 
that  class  IXW  is  understated  by  about  two-thirds.  At  the  time  the  repair 
part  data  was  obtained  from  NCSA,  that  was  all  the  coding  accomplished 
for  this  huge  data  source.  A new  tape  and  format  were  received  upon 
request  from  MCSA.  After  examining  the  programming  work  required  to 
extract  this  data,  it  was  decided  time  was  not  available  to  conduct  this 
task  within  the  current  study.  The  MAGTF  Program  computes  up  to  fourth 
echelon  maintenance  requirements  for  repair  parts  for  each  unit.  Of 
course,  the  unit  has  maintenance  responsibilities  of  various  levels.  The 
MAGTF  listing  provides  the  data  for  class  IXW,  indicating  the  amount 
actually  attributed  to  the  unit's  requirement  and  the  amount  actually 
carried  by  supporting  maintenance  organizations. 

Supply  class  IXA  GSE  repair  parts  were  never  included  in  MAGTF 
data  sources  for  entry  into  the  data  base  during  the  MAGTF  project.  Estimates 
for  these  items  were  also  obtained  during  the  present  study  and  included 
in  the  data  base.  All  estimates  of  GSE  fuel  and  repair  parts  were 
obtained  from  3RD  MAW  units. 

Airframe  and  engine  repair  parts  were  originally  obtained  from 
16  tapes  received  from  ASO,  Philadelphia,  during  the  MAGTF  Project.  Of 
these  tapes  many  records  were  lost  due  to  parity  errors  occurring  in 
computer  system  processing.  This  category  therefore  is  understated  by 
an  unknown  degree. 

All  MAGTF  listings  for  units  and  totals  contain  some  obsolete 
supply  class  VIIW  items  in  unit  T/Es.  These  items  were  not  removed  during 
updates  from  the  EAF  files  due  to  interface  problems  with  the  source  file 
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and  the  MAGTF  data  base.  A modification  to  the  EAF  LOAD  peripheral 
program  will  be  necessary  to  eliminate  the  obsolete  TAM  items  when  con- 
ducting a routine  EAF  or  T/E  update.  These  obsolete  TAM  items  were 
identified  during  this  study  and  were  removed  from  unit  lift  requirements 
by  computer  programs  processing  the  data  for  the  current  study. 

5.  Comparison  of  MAGTF  Lift  Data  With  MEDS 

During  the  project,  MAGTF  data  was  compared  with  that  obtained 
from  an  external  source  within  those  supply  classes  having  any  commonality. 
A comparison  was  made  with  the  Marine  Embarkation  Data  System  (MEDS) 
obtained  from  units  in  I MAF. 

Four  units  were  used  to  conduct  the  "spot  check"  comparison  of 
MEDS  data  with  MAGTF  for  supply  classes  II  and  VII.  The  MAGTF  lift  for 
classes  IIW  and  VIIW  nonsquare  were  compared  between  units  of  the  same 
T/O  and  T/E  as  obtained  from  the  MEDS  listings,  as  well  as  class  VIIW 
square  loaded.  For  T/E  M3243,  the  engineer  maintenance  company,  a 16 
percent  reduction  from  MAGTF  data  was  observed  for  class  VIIW  square 
loaded  items  and  a 39  percent  reduction  in  classes  IIW  and  VIIW  nonsquare. 
The  numbers  in  this  comparison  are  not  important  in  themselves.  The 
significant  factor  is  that  for  whatever  reason,  MEDS  is  usually  below  T/E 
requirements  due  to  either  an  incomplete  MEDS  deck  or  the  existence  of 
T/E  deficiencies.  Spot  checks  of  other  units  revealed  the  same  relative 
differences  from  MAGTF,  Other  supply  classes  and  mountout  are  not 
included  in  MEDS,  thus  preventing  a total  comparison.  When  comparing  a 
MEDS  listing  of  aviation  units,  nothing  conclusive  could  be  determined 
due  to  very  different  definitions  of  cargo  categories  in  the  MEDS  data. 
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Notional  MAF  Amphibloua  Lift  Expression 


The  preceding  paragraphs  have  presented  the  explanatory  Infor- 
mation outlining  the  source,  composition,  adjustments,  and  validity  of 
the  MAGTF  System  data.  In  Section  IV  the  total  lift  requirements  and 
the  troop  list  for  the  notional  MAF  were  presented.  The  MAGTF  lift 
expression  for  the  notional  MAF  Is  a multivolume  document.  Copies  of 
these  computer  output  listings  are  available  at  NWRC/SRI  and  at  HQMC 
(Code  LPS) . The  computer  system  developed  for  data  analysis  In  this 
project  prepares  the  lift  expression  computed  from  JOPS  cards,  the 
automated  output  of  the  MAGTF  Program.  This  lift  expression  Is  the 
statement  of  cargo  requirements  used  In  the  analysis  presented  In  the 
next  two  sections  of  this  report.  The  units  In  the  notional  MAF  troop 
list  and  their  cargo  lift  requirements  are  listed  In  Table  V-2.  The 
values  for  measurement  tons  of  bulk  cargo  and  square  feet  of  square 
loaded  Items  In  Table  V-2  were  calculated  from  JOPS  cards  and  adjusted 
as  previously  explained.  These  figures  have  been  reduced  from  values  In 
the  MAGTF  listings  to  compensate  for  total  utilization  of  unit  mobile 
loaded  capacity.  This  compensation  simulates  the  allocation  of  vehicles 
to  other  units  requiring  additional  mobile  loading  support. 

The  amphibious  lift  cargo  totals  generated  by  the  MAGTF  System 
are  dependent  on  parameters  defined  for  the  program  upon  execution. 
Knowledge  of  these  parameters  is  essential  for  fully  understanding  the 
lift  totals.  Table  V-3  lists  the  parameters  used  in  all  notional  MAF 
runs  used  in  this  study.  The  parameters  shown  in  the  table  cause  the 
following  actions  in  the  lift  requirement: 

(1)  Loads  2 DOS  of  diesel  and  MOGAS  into  drums  as  part 
of  the  unit  load. 

(2)  Loads  all  JP  fuel  into  the  bulk  category  for  the 
AE  and  AFOE.  (Tankers  of  units  generating  JP  fuel 
would  of  course  be  fully  loaded.  All  other  fuel 
type  tankers  and  cans  would  also  be  filled.) 


Afliountt  listed  ere  for  one  (1)  unit;  multiply  by  Quantity  for  total  lift  requlreoent. 

W • 8290t)  Sq  - 070856  B1  - 87057 
(omputed  totals  have  been  adjtisted  by  removal  of  obsolete  TAMs. 


Table  V-2(b) 


NOTIONAL  MAF  ASSAULT  FOLlX)W-ON  ECEHLON  LIFT  REQUIREMENT 


Square'^ 

Barrels'^ 

PAS 

200 

16 

800 

53 

0 

0 

66 

3086 

500 

77 

19439 

14200 

479 

23664 

6800 

360 

7013 

1400 

120 

18589 

10300 

612 

32696 

23900 

265 

7875 

4200 

388 

32597 

2100 

185 

610 

300 

120 

2677 

1700 

122 

!814 

1000 

71 

3897 

2100 

250 

168 

0 

13 

107 

0 

31 

10332 

2100 

82 

20885 

2300 

97 

3925 

1500 

70 

8545 

2000 

165 

12763 

4200 

116 

11707 

3300 

136 

1695 

300 

80 

5985 

1100 

198 

16381 

3200 

121 

46219 

900 

272 

2569 

3100 

187 

2817 

900 

237 

9386 

1900 

155 

2755 

900 

243 

66372 

9900 

276 

10136 

2100 

255 

4531 

1300 

257 

21624 

12400 

384 

53658 

0 

763 

0 

0 

4 

831 

200 

49 

11244 

62500 

122 

7642 

64300 

429 

8699 

11400 

484 

7680 

26500 

227 

9417 

38700 

355 

6885 

51100 

320 

Amounts  listed  arc  for  one  (1)  unit;  multiply  by  Quantity  for  total  lift  require- 
ment , 

*MT  ■ 105749  Sq  - 658076  Bl  - 657900 

Computed  totals  have  been  adjusted  by  removal  of  obso.cte  TAMs» 
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MAGTF  PROGRAM  INPUT  PARAMETERS 


Parameter  Value 

DOS  for  MAF  60 
DOS  for  AE  15 
DOS  for  AE  Unit  Load  5 
DOS  for  AE  Landing  Force  Supply  10 
DOS  for  AFOE  Landing  Force  Supply  55 
AE  DOS  for  Drummed  Fuel  2 
AFOE  DOS  for  Drummed  Fuel  0 
DOS  JP  Fuel  AE  Unit  Load  0 
DOS  JP  Fuel  AE  Landing  Force  Supply  15 
DOS  JP  Fuel  AFOE  Unit  Load  0 
DOS  JP  Fuel  AFOE  Landing  Force  Supply  60 


All  values  used  in  these  input  fields  are  options  for  the  user.  The 
values  selected  were  provided  by  the  Study  Advisory  Committee,  HQMC. 

7 . Summary 

The  purpose  of  this  discussion  on  the  MAGTF-Sys tern-generated 
cargo  data  was  to  emphasize  the  fact  that  MAGTF  data  was  designed  to 
include  every  cargo  category  required  to  support  the  MAF  in  the  amphib- 
ious assault.  The  AE  totals  obtained  from  MAGTF  data  are  larger  than 
previously  thought,  since  earlier  estimates  were  based  on  older  lift 
expressions.  The  lack  of  information  necessary  to  state  the  complete 
lift  expression  in  former  years  led  to  the  planning  and  execution  of  the 
MAGTF  Project.  Proposals  have  been  submitted  to  HQMC  (Code  RDS)  for 
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improving  MAGTF  processing  time  and  to  correct  all  known  MAGTF  data  base  : 

deficiencies.  After  using  the  MAGTF  System  extensively  during  the  current 

project,  it  is  possible  to  state  that  the  system  was  adequately  designed  •! 

for  content,  and  with  proper  maintenance  on  a day-to-day  basis,  the  data 

base  will  easily  reach  an  accuracy  of  over  95  percent. 

Having  discussed  the  data  to  be  used  throughout  the  computa- 
tional portion  of  this  report,  the  next  subject  to  consider  is  the 
materiel  adjustments  recently  completed  and  proposed  for  future  changes 

i 

to  unit  materiel  that  have  and  will  have  an  impact  on  MAF  lift  requirements. 


C.  Materiel  Adjustments  I 

This  section  will  present  findings  relative  to  the  possible  effect  on  | 

i 

the  MAF  lift  cargo  requirements  of  certain  materiel  adjustment  that  may  be 
made  in  unit  materiel.  Research  into  six  areas  was  conducted  to  determine 
these  effects,  if  any.  The  data  from  the  research  will  be  presented  in 
this  section,  with  the  effects  on  overall  MAF  lift  included  in  Section  VII. 

1.  T/E  Reductions 

One  of  the  first  research  tasks  conducted  in  the  study  was  the 
examination  of  a sample  of  T/Es  selected  from  FMF  units  to  determine  the 
existence,  if  any,  of  nonessential  equipment.  Results  from  this  effort 
were  planned  to  be  used  for  making  inferences  relative  to  other  units  of 
the  MAF.  The  term  "nonessential  equipment"  was  interpreted  to  mean  equip- 
ment no  longer  required  to  support  any  current  or  anticipated  mission  or 
function,  either  by  the  quantity  of  the  item  on  the  T/E  or  the  lack  of 
usefulness  for  any  reason.  The  purpose  of  this  task  was  to  determine  if 
any  significant  reductions  of  materiel  were  possible  in  support  of  the 
first  objective  of  the  study,  namely,  to  find  areas  where  feasible 
reductions  of  materiel  were  possible  without  reducing  operational 
readiness  or  sustainability  of  units  in  the  MAF. 


The  units  listed  in  Table  V-4  were  those  selected  for  analysis. 


Table  V-4 

UNITS  SELECTED  FOR  T/E  REDUCTION  ANALYSIS 


Unit  T/E 

Description 

M1038 

Inf  Bn 

M1128 

Arty  Bn 

M1758 

Serv  Bn 

M1658 

Mt  Bn 

M3233 

Mt  Maint  Co,  FSR 

M3  243 

Engr  Maint  Co,  FSR 

M3253 

Comm/Elect  Maint  Co,  FSR 

M8813 

H6MS 

M8847 

VMFA 

! 


This  task  was  conducted  by  making  visits  to  units  in  I MAF  at  MCB,  Camp 
Pendleton,  and  MCAS,  El  Toro,  California,  and  interviewing  knowledgeable 
personnel  in  each  of  the  type  units  listed  above.  A discussion  was  held 
with  those  personnel  on  each  item  of  the  latest  T/E  (just  received  during 
April  1975)  for  the  first  four  units  visited.  Results  achieved  during 
the  visits  to  the  first  four  units  indicated  that  general  discussions  of 
T/E  essentiality  would  be  adequate  when  visiting  the  other  units.  Per- 
sonnel interviewed  were  commanding  officers,  operations  officers,  logis- 
tics officers,  maintenance  officers,  and  division,  wing,  and  MAF  staff 
personnel.  Enthusiastic  support  of  the  research  task  was  evidenced  by 
all  personnel  contacted. 

Initially,  results  expected  from  this  task  were  lists  of  items 
to  be  deleted  from  unit  T/Es.  With  one  exception,  the  unit  T/Es  analyzed 
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contained  only  insignificant  numbers  of  items  that  could  be  considered 
nonessential.  In  every  unit  visited,  the  existence  of  T/E  review  efforts 
was  evident  from  the  precisely  stated  usefulness  of  all  items  contained 
in  T/Es.  Actions  had  been  or  were  in  the  process  of  being  taken  to  up- 
date T/Es  to  reflect  exact  requirements,  'fhe  unit  whose  T/E  review 
produced  significant  materiel  reduction  recommendations  was  a maintenance 
company  originally  configured  to  separate  into  more  deploying  detachments 
than  experience  ever  required,  thus  additional  sets  of  test  and  repair 
equipment  were  included  beyond  any  current  support  requirements.  No 
reduction  actions  were  forthcoming  from  that  unit  for  two  reasons.  First, 
the  unit  never  deploys  as  a complete  company  and  is  therefore  a tailored 
detachment  when  part  of  a MAGTF.  Second,  the  implementation  of  the  new 
CSS  organizational  structure  eliminates  this  unit  as  a source  of  detach- 
ments for  future  troop  lists. 

The  information  obtained  in  conducting  this  task  failed  to 
provide  grounds  for  obtaining  permanent  T/E  reductions  from  which  lift 
requirements  could  also  be  reduced.  The  important  fact  gleaned  from  this 
task  was  that  many  items  in  the  T/E  were  useful  in  some  types  of  opera- 
tions and  not  needed  in  others.  If  any  item  had  a use  in  at  least  one 
possible  circumstance,  then  it  was  not  considered  for  elimination.  Since 
the  controlling  factor  in  this  analysis  was  the  preservation  of  opera- 
tional readiness  and  sustainability  of  the  unit,  these  factors  would  be 
unaffected  if  items  not  needed  for  an  operation  were  excluded  from  the 
unit  load.  The  eliminated  items  could  be  left  in  garrison  or  be  included 
in  the  landing  force  supply  of  the  AFOE,  to  be  redistributed  after  D+5 
at  some  convenient  time.  A detailed  analysis’^  of  combat  essentiality 
conducted  at  NWRC/SRI  found  unit  T/Es  to  be  comprised  of  three  mission 
essentiality  categories.  These  are  primary,  secondary,  and  tertiary 
missions.  A manageable  latitude  of  what  equipment  to  include  in  the 
unit  load  of  an  AE  unit  faced  with  constrained  loading  problems  was 
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found  to  exist.  A collateral  consideration  is  that  any  equipment 
eliminated  from  the  unit  load  embarked  in  assault  shipping  would  be  un- 
available to  the  unit  only  from  D-Day  to  D+5,  plus  unloading  time  if  it 
were  included  in  the  AFOE  cargo.  These  findings  led  to  the  development 
of  a systematic  procedure  to  eliminate  T/E  items  from  a unit  in  a con- 
strained assault  shipping  environment  based  on  a criticality  assessment 
of  the  t/E.  The  criticality  factors  used  in  such  a procedure  would  be 
based  on  the  mission  essentiality  categories  previously  discussed.  These 
findings,  along  with  the  fact  that  units  usually  deficient  to  some  degree 
in  T/E  items  for  a variety  of  reasons  are  still  capable  of  accomplishing 
their  missions,  substantiate  the  approach  to  solving  the  problem  of 
deciding  how  to  configure  the  AE  of  the  MAF  or  MAB  or  even  a MAU  when 
less  assault  shipping  is  available  than  lift  requirements  for  a selected 
troop  list.  A solution  procedure  consisting  of  mathematical  models 
designed  as  a computer  assisted  decision  aid  is  presented  in  the  study, 
i.e. , the  development  of  a materiel  weight  and  cube  control  process.  It 
was  considered  necessary  to  determine  the  effect  on  the  lift  requirement 
of  the  notional  MAF  used  in  the  study  from  the  introduction  of  new 
materiel  into  the  T/Es  of  units  contained  in  the  MAF  troop  list.  The 
results  of  this  research  are  presented  in  the  next  section. 

2.  New  Materiel 

The  time  frame  of  this  study  includes  the  period  to  1980. 
Materiel  changes  are  constantly  in  progress  within  the  Marine  Corps. 

This  incorporates  upgrading  equipment  to  stay  abreast  of  the  latest 
technological  developments,  which  is  in  line  with  the  third  objective  of 
the  study.  Results  from  the  task  were  only  partially  successful  due  to 
a lack  of  available  data.  A task  was  planned  to  determine  the  difference 
in  lift  that  could  be  expected  from  introducing  the  planned  TAM^  items 
into  the  T/Es  of  units.  Precise  results  were  not  obtained  from  this 
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effort  because  of  the  small  number  of  planned  Items  for  which  embarkation 
data  was  available  and  the  high  cost  of  obtaining  these  limited  results 
from  large  computer  tape  files.  However,  an  analysis  of  the  trend  in 
lift  requirements  for  planned  items  was  conducted  without  consideration 
of  the  quantities  to  be  included  in  T/Es.  This  analysis  consisted  of 
comparing  planned  (P)  TAM  items  with  those  TAM  items  being  replaced  in 
T/Es.  The  comparison  included  only  the  cube  for  bulk  loaded  items  and 
square  feet  for  square  loaded  items.  Table  V-5  lists  the  TAM  numbers  and 
the  cube  for  the  replacement  TAMs  and  the  P TAMs.  Information  extracted 
from  the  IDF  indicated  that  one  P TAM  was  often  replacing  more  than  one 
replacement  TAM.  Results  from  this  analysis  show  an  increasing  trend  in 
cube.  An  increase  of  2272.36  cubic  feet  was  obtained  from  the  data. 

Table  V-6  shows  a decrease  of  582.19  square  feet  for  square  loaded  items. 
The  actual  effect  of  planned  items  would  be  determined  only  after  entering 
into  the  MAGTF  data  base  the  exchange  of  TAMs  for  each  affected  T/E.  This 
procedure,  however,  is  included  in  the  weight  and  cube  control  program 
presented  in  Section  VIII. 

However,  considerable  data  was  found  to  be  available  supporting 
an  analysis  of  introducing  a new  family  of  shelters  into  t/Es  of  many 
units  in  the  notional  MAF.  A task  was  conducted  that  caused  the  data  for 
the  new  shelters  to  be  entered  into  the  MAGTF  data  base,  along  with  the 
elimination  of  replaced  TAM  items.  With  completion  of  these  efforts,  a 
separate  run  of  the  MAGTF  Program  was  obtained,  which  provided  the 
necessary  information  to  determine  the  difference  in  lift  requirements 
of  the  MAF  with  and  without  the  new  shelters.  Table  V-7  presents  these 
results.  Examining  this  data  reveals  that  an  insignificant  percentage 
increase  in  measurement  tons  of  bulk  cargo,  and  an  approximately  1 percent 
Increase  of  square  feet  of  square  loaded  items  resulted  from  the  new 
family  of  shelters,  which  added  13,900  square  feet  of  shelter  space  to  the 
affected  units. 
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Table  V-5 
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COMPARISON  OF  PLANNED  TAM  ITEMS  WITH  REPLACEMENT  TAMS 
FOR  BULK  LOADED  ITEMS 


1 Replacement  TAMs 

P 

TAMs 

TAM  No. 

Cubic  Feet 

TAM  No. 

Cubic  Feet 

A0120 

3 

A0122 

1.60 

A0490 

2 

A0493 

0.20 

A0893 

1 

A0645 

0.17 

A1180 

1 

1 A1195 

1.55 

A1190 

4 

1 

A1420 

11 

A1415 

5.65 

A1435 

552 

A1436 

545.8 

A1460 

2165 

A1505 

89 

^ A1500 

627.7 

A1507 

89 

A1480 

82 

A1503 

4131.0 

A1800 

1 

A1815 

12.25 

A2020 

8 

A2065 

2.81 

A2380 

A2505 

1.66 

A2490 

6 ) 

A3000 

1 

A1225 

1.53 

A3060 

10 

A3062 

1.14 

B0270 

33 

B0325 

0.30 

Total 

3061 

5333.36 

Difference  2272.36 


Table  V-6 


COMPARISON  OF  PLANNED  TAM  ITEMS  WITH  REPLACEMENT  TAMS 
FOR  SQUARE  LOADED  ITEMS 


Replacement 

TAMs 

P 

TAMs 

TAM  No. 

Square  Feet 

TAM  No. 

Square  Feet 

A1350 

44 

A1360 

176.19 

A1900 

70  j 

A1935 

59.0 

A 1940 

59  ( 

A2080 

10 

A1795 

4.15 

A2440 

208 

A2441 

88.8 

B0400 

141  ) 

B0399 

495.0 

B0410 

126  ) 

B1020 

34 

B1021 

21.75 

B1900 

402  ) 

B1925 

348.0 

B2460 

184  ) 

D0900 

118  1 

D0915 

122.22 

DIOOO 

132  ) 

E0605 

383  1 

E0692 

383.02 

E0690 

258  ) 

E1360 

398 

E1377 

304.68 

Total 

2576 

1993.81 

Difference 

582.19 
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COMPARISON  OF  CUBE  AND  SQUARE  OF  EXISTING  SHELTER  SYSTEM 
WITH  REPLACEMENT  SHELTER  SYSTEM 


Existing 
Shelters 
(sq  ft) 

Replacement 
Shelters 
(sq  ft) 

Increase 
(sq  ft) 

Percent 

of 

Increase 

Replacement* 
Shel ters 
(cu  ft) 

AE 

32,100 

26.5% 

AFOE 

18,700 

28.9 

■H 

MAF 

50,800 

27.4 

2,500 

Shelters  in  existing  system  are  square  loaded  and  do  not  affect 
cube.  The  added  cube  shown  is  for  the  knockdown  shelter,  which 
is  the  only  replacement  shelter  not  square  loaded. 


L. 
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Section  VIII  of  this  report  presents  a detailed  discussion  of  the  use  of 
the  MAGTF  System  to  support  the  data  for  a materiel  weight  and  cube  con- 
trol program.  The  shelter  MAF  MAGTF  run  is  explained  in  more  detail  in 
that  section.  The  methodology  presented  in  Section  VIII  provides  proce- 
dures to  constantly  monitor  the  direction  amphibious  lift  requirements  are 
taking  from  the  proposed  introduction  of  new  materiel  into  T/Es  of  FMF 
units. 

3 . The  New  Combat  Service  Support  Organizational  Structure 

The  most  important  development  occurring  during  the  conduct  of 
this  study  was  the  implementation  of  the  new  CSS  organizational  structure 
within  the  FMF.  The  data  necessary  to  modify  the  notional  MAF  troop  list 
with  the  new  organization  became  available  in  automated  form  during 
November  1975.  The  IMR  had  the  T/Os  available  earlier,  but  the  avail- 
ability of  T/Es  did  not  occur  until  the  end  of  November  1975.  The 
project  was  extended  one  month  to  provide  the  additional  time  to  update 
the  MAGTF  data  base  in  order  to  process  the  new  CSS  units  through  the 
analysis  system  of  this  study.  The  CSS  notional  MAF  totals  were  presented 
in  Section  IV.  Table  IV-6  showed  a reduction  in  lift  requirements  for  the 
AE  of  the  CSS  MAF.  This  section  presents  a comparative  analysis  of  the 
notional  MAF  with  the  CSS  modified  MAF.  Table  V-8(a)  contains  the  AE  of 
the  CSS  MAF,  with  the  AFOE  in  Table  V-8(b). 

The  effect  of  the  newly  structured  MAF  is  illustrated  in 
Table  V-9,  where  totals  for  the  AE  and  AFOE  are  compared  for  the  notional 
and  CSS  notional  MAFs . For  the  AE,  a 6.4  percent  reduction  in  bulk 
cargo,  and  a 9.6  percent  reduction  in  square  feet  was  achieved  by  re- 
structuring the  CSS  units  concerned.  In  the  AFOE,  a 79  percent  increase 
in  bulk  cargo  and  a 1.5  percent  decrease  in  square  feet  was  observed. 

For  the  total  MAF,  a 41.3  percent  increase  in  bulk  cargo,  and  a 6.1  per- 
cent decrease  in  square  loaded  cargo  was  obtained.  It  should  be 
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Table  V-8(a) 

CSS  NOTIONAL  MAF  ASSAULT  ECHELON  LIFT  REQUIREMENT 


Unit 

Quantity* 

MT^ 

Square^ 

Barrels* 

FAS 

M4623M 

1 

1758 

328 

824 

161 

M1096 

3 

186 

4663 

491 

184 

MI038 

9 

1014 

4427 

453 

1230 

M1128 

3 

1678 

23016 

1170 

707 

M4233 

4 

906 

6531 

453 

110 

M1423 

4 

437 

69 

19 

85 

M1373X 

4 

71 

1096 

75 

121 

M4652 

4 

110 

15292 

1491 

229 

M1863X 

1 

99 

1961 

113 

182 

M186AX 

’ 

345 

12631 

755 

244 

M1862X 

1 

136 

23312 

1038 

223 

M0701F 

1 

6482 

2701 

66 

914 

M4643F 

1 

667 

5788 

264 

57 

M1196 

1 

969 

17364 

1208 

278 

M1363X 

1 

2313 

31214 

1830 

202 

M4237 

1 

847 

16832 

774 

313 

M4233 

4 

906 

6531 

453 

1 10 

M4903 

3 

35 

605 

38 

120 

M4907 

1 

96 

6296 

358 

182 

M3857X 

1 

398 

10957 

1245 

287 

M3853X 

4 

59 

1901 

113 

103 

M1427 

1 

115 

6470 

283 

130 

M8625X 

1 

172 

3640 

208 

278 

M1988 

1 

847 

10486 

925 

1225 

M1377X 

1 

118 

788 

94 

131 

M1867X 

1 

159 

6562 

340 

173 

M4654 

1 

226 

11536 

943 

253 

CMD-CP 

1 

1932 

85992 

3931 

1984 

M8612X 

1 

386 

16526 

1283 

388 

M8631X 

1 

1005 

13757 

2302 

244 

M8640X 

1 

322 

7935 

943 

197 

M8621X 

1 

115 

4831 

491 

115 

M8615X 

1 

196 

2870 

301 

158 

M8937X 

5 

1217 

3164 

1811 

241 

M8943X 

3 

1291 

3896 

3057 

298 

M8970X 

1 

1150 

2670 

1189 

292 

M8964X 

2 

2767 

1245 

269 

M8968X 

1 

1305 

3848 

1472 

217 

M8859X 

1 

2001 

5421 

8642 

363 

M4112 

1 

664 

14469 

736 

225 

M0601F 

1 

35 

0 

0 

212 

M0604F 

1 

668 

11024 

906 

257 

M4I93 

2 

417 

10497 

528 

177 

M4201 

1 

67 

2019 

170 

120 

M4226 

1 

677 

8661 

528 

177 

M3223X 

1 

571 

11275 

491 

280 

M3233F 

1 

43 

1455 

57 

125 

M3447F 

1 

113 

5832 

358 

337 

M3343F 

1 

10 

427 

19 

136 

M3247F 

1 

127 

1975 

38 

55 

M3313F 

1 

2954 

22677 

0 

140 

M3323F 

1 

8 

458 

19 

47 

M3442F 

1 

nil 

11201 

472 

202 

M3243X 

1 

814 

7131 

189 

191 

M3253X 

1 

210 

2741 

75 

190 

M385IX 

1 

631 

10957 

1245 

287 

M030SF 

1 

212 

U9I4 

736 

120 

M0307F 

1 

24 

571 

38 

82 

M3751X 

1 

2220 

7847 

755 

315 

H3753X 

2 

801 

8884 

434 

144 

M89I4X 

2 

IHO 

4801 

189 

359 

M8921 

3238 

17237 

1283 

390 

M1985X 

1 

62 

12516 

415 

143 

M8821 

2 

87 

2181 

708 

73 

Amounia  Hated  are  for  one  (1)  unit;  multiply  by  Quantity  for  total  lift  requirement. 

’mT  - nh2lt  Sq  - 786926  II  - 828*8 
Computed  totala  have  been  adjuated  by  removal  of  obaolete  TAMa. 
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Table  V-8(b) 


CSS  NOTIONAL  MAF  ASSAULT  FOLLOW  ON  LIFT  REQUIREMENT 


Unit 

Quantity* 

Square^ 

Barrels^ 

PAS 

M4722 

1 

17 

919 

200 

16 

M4392 

1 

114 

2550 

800 

53 

M0602F 

1 

30 

0 

0 

66 

M0605F 

1 

153 

3086 

500 

77 

M8820X 

3 

2828 

9188 

6800 

333 

M8620X 

1 

766 

21116 

7900 

325 

M8621X 

2 

189 

4902 

2700 

115 

M8710X 

1 

1892 

12123 

9500 

515 

M8715X 

1 

31075 

85424 

13900 

503 

M8714X 

1 

34099 

44688 

11600 

377 

\3751Xl 

1 

2275 

7919 

4100 

315 

M3752X 

1 

1919 

25159 

1200 

139 

M3851X 

3 

301 

1564 

900 

71 

M4903 

1 

107 

610 

300 

120 

M4644X 

1 

17847 

60770 

5700 

238 

M4647X 

1 

1398 

10083 

2600 

156 

M3853X 

1 

110 

1916 

600 

103 

M3854X 

1 

191 

2067 

700 

239 

M3753X 

1 

3798 

8955 

2400 

144 

M3233N 

1 

978 

10233 

1100 

158 

M3757N 

1 

403 

841 

314700 

82 

M3755N 

1 

12723 

32739 

1035100 

115 

M4643N 

1 

16439 

37103 

8700 

264 

M3247N 

1 

2857 

15185 

6400 

152 

M3313N 

1 

427 

46763 

900 

405 

M3323N 

1 

1285 

1285 

400 

142 

M3343N 

1 

948 

3827 

900 

268 

M3447N 

1 

12246 

6600 

255 

M3442N 

1 

9196 

3800 

388 

M3444N 

1 

1571 

600 

179 

M3445N 

1 

158 

756 

400 

268 

M3347X 

1 

584 

7914 

3300 

379 

M3443X 

1 

510 

4932 

1700 

375 

M0702 

1 

4893 

53658 

0 

763 

M0603F 

1 

13 

0 

0 

4 

M8712 

1 

62 

831 

200 

49 

M8652 

1 

674 

11244 

62500 

122 

M8780X 

1 

1368 

3975 

63400 

419 

M8813X 

3 

444 

3923 

1300 

449 

N8855 

2 

6185 

7680 

26500 

227 

M8857X 

2 

5443 

7436 

38200 

347 

M8848X 

4 

2884 

5116 

65000 

377 

Amounts  listed  are  for  one  (1)  unit;  multiply  by  Quantity  for  total  lift  require 
ment . 

%IT  - 189009  Sq  - 648209  B1  * 2022400 
Computed  totals  have  been  adjusted  by  removal  of  obsolete  TAMs. 


Table  V-9 

NOTIONAL  AND  CSS  MAP  COMPARISON 


Assault 

Echelon 

Square 

Notional 

82 , 906 

870,856 

CSS  Notional 

77,624 

786,926 

-Difference 

5,282 

83,930  1 

Percent  of  difference  



9.64% 

Assault  Follow-on  Echelon 

1 

Notional 

105,749 

658,076 

CSS  Notional 

189,009 

648,209 

Difference 

84,000 

9,867 

Percent  of  difference 

79.43% 

1.50% 

Total 

MAP 

Notional 

188,655 

1,528,932 

CSS  Notional 

266,633 

1,435,135 

Difference 

77,978 

93,797 

Percent  of  difference 

41.33% 

6.13% 

r 

t remembered  that  these  figures  represent  ship  loading  requirements  and  do 

f 

not  include  aircraft,  boats,  or  bulk  fuel.  The  significant  reduction, 
of  course,  is  in  the  AE,  where  the  constrained  assault  shipping  capacity 
exists.  Section  VII  will  include  common  user  sealift  assets  required  to 
lift  the  AFOE.  There  were  no  constraints  identified  for  lifting  the  AFOE 
of  the  MAF,  and  no  further  work  was  done  on  the  loading  of  the  AFOE. 


Because  of  the  increase  in  bulk  cargo  of  the  CSS  AFOE,  a 
comparison  of  the  AFOE  by  functional  area  was  conducted  to  illustrate 
from  which  units  the  increase  was  derived.  Units  were  compared  by 
following  functional  areas: 

(1)  Aviation 

(2)  Motor  transport 

(3)  Medical/dental 

(4)  Engineer,  bulk  fuel,  bridge  support 

(5)  FSSG/FSR  units 

(6)  Aviation  fly-in  units. 

Table  V-10  contains  the  unit  comparisons  within  the  functional 
areas  listed  above.  The  information  in  the  table  clearly  indicates 
where  the  cargo  increases  were  obtained.  Since  each  MAF  is  only  notional, 
and  a great  many  variations  in  troop  lists  are  possible  when  preparing  a 
force  structure  for  a specific  mission,  the  comparison  presented  here  is 
not  of  too  much  importance.  The  complete  reorganization  of  the  CSS 
functions  within  units  does  not  lend  Itself  to  a unit*by-unit  comparison 
with  the  structure  from  which  it  was  derived.  Observing  the  troop  list 
provided,  one  sees  many  detachments  which  could  and  would  be  organized 
differently  than  shown  here  when  preparing  for  specific  missions. 

At  the  direction  of  the  Study  Advisory  Committee,  the  CSS 
structure  presented  here  was  the  basis  of  all  analysis  to  be  presented. 

No  lurther  mention  of  the  notional  MAF  will  be  made  in  this  report. 
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D.  Analysis  of  Mountout/Preposltioned  War  Reserve  Materiel  (PWRM) 

The  final  area  of  materiel  adjustment  having  impact  on  the  MAP  lift 
cargo  requirement  is  the  mountout  specified  by  the  MAGTF  data  base  auto- 
mated service  files.  The  IDF  maintained  by  HQMC  contains  the  CARP,  which 
is  the  basis  for  computing  supply  classes  IIW  and  VIIW.  During  1972  a 
review  of  CARFs  was  conducted  at  HQMC  (Code  A04)  to  determine  those  items 
whose  CARFs  could  best  be  eliminated  from  the  IDF  in  order  to  reduce  the 
cost  of  replenishing  mountout  at  the  end  of  the  Vietnam  conflict.  The 
elimination  and  reduction  of  the  CARP  for  many  TAMs  was  not  made  as  a 
result  of  any  user  demand  history.  Because  of  the  changes  in  the  CARFs 
to  the  values  currently  in  the  TAM,  a strong  suggestion  is  self-evident 
that  the  mountout  now  held  by  the  FMF  may  be  inadequate  for  any  future 
conflict.  A comparison  of  the  items  having  CARFs  in  the  TAM  published 
before  1972  with  the  current  TAM  is  made  in  Table  V-11. 

Table  V-11 

PERCENTAGE  OF  TAM  ITEMS  (TYPE  1)  HAVING  CARFS 


TAM 

Total* 

Percent 

Date 

TAMs 

with  CARFs 

1968 

891 

1315 

68 

1974 

218 

1088 

20 

Does  not  include  obsolete  or 
reassigned  TAMs. 


Only  20  percent  of  the  items  have  CARFs  in  the  current  TAM  as  compared 
with  68  percent  in  the  1968  TAM. 


V-30 


Because  of  the  possibility  of  the  current  mountout  failing  to 
adequately  support  a deployed  MAF,  a research  task  was  undertaken  within 
the  study  to  obtain  a more  realistic  approach  to  computing  mountout.  If 
an  increase  in  mountout  occurs,  a definite  impact  on  the  lift  of  the  AE 
will  result.  Obtaining  an  estimate  of  the  increased  lift  was  the  result 
desired  from  this  materiel  adjustment  problem. 

To  properly  plan,  store,  warehouse,  and  load  supplies  and  equip- 
ment in  mounting  an  amphibious  mission,  it  is  necessary  to  know  expected 
consumption  rates  of  end  items.  It  is  also  necessary  to  know  average 
unavailabilities  (NORS  rates). 

Actual  consumption  rates  will  vary  from  nominal  figures,  even  if 
the  nominal  figures  are  reasonably  accurate  averages  over  several 
scenarios,  geographical  locations,  and  weather  conditions.  Variation 
will  occur  because  of  chance  events,  unpredictable  losses,  repair  service 
problems,  possibility  of  substitution,  etc. 

Although  replacement  factors  are  shown  in  the  literature,  these 
factors  may  not  be  adequate  for  use  in  planning  an  amphibious  operation. 
Close  analysis  of  the  application  of  these  and  similar  replacement  figures 
was  therefore  undertaken.  There  are  several  possible  sources  of  infor- 
mation. These  are  reviewed  below. 


Previous  Studies  of  Consumption  Rates  of  End  Items 


In  1966  a U.S.  Army  study®  of  consumption  rates  of  end  items 
was  directed  towards  computing  the  budget  required  to  support  an  Army 
operation  under  any  one  of  15-20  scenarios  at  various  parts  of  the  globe. 
The  scenarios  included  conventional  warfare  in  several  intensities. 

This  particular  Army  study  is  important  in  computing  variation  in  plan- 
ning factors  from  one  theater  of  operations  to  another.  It  does  not 


ii 
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seem  to  be  directly  useful  in  addressing  the  problem  at  hand;  expected 
consumption  of  class  VII  end  items. 

A second  report®,  as  well  as  the  data  used  in  compiling  it, 
was  made  available  to  the  study  team.  Analysis  of  the  data  is  included 
later  in  the  present  document.  Although  this  report  was  intended  to 
pinpoint  fiscal  requirements,  the  subject  matter  seemed  at  first  to  cover 
recoverable  consumption  data.  Unfortunately,  this  data  turned  out  not  to 
be  as  useful  as  hoped. 

A third  previous  study’’’  tabulates  and  totals  the  shipments 
that  passed  through  various  Vietnam  ports  in  the  period  1966-1968.  Com- 
bat strengths  and  combat  active  days  in  several  logistic  islands  are 
also  tabulated. 

The  important  figure  from  this  study  is  that  consumption  of 
class  VII  items  by  Marine  Corps  personnel  averaged  5.18  pounds  per  man- 
day  of  active  combat.  The  corresponding  figure  for  class  II  items  is 
7.83.  This  number  varied  over  the  logistic  islands,  being  much  higher 
in  the  Saigon  zone,  and  somewhat  lower  in  the  Cam  Ranh  Bay  and  other 
logistic  zones.  Further  discussion  and  application  of  this  figure  is 
given  later  in  the  present  report. 

2 . Application  of  Consumption  Rates  to  Planning 

a.  General  Remarks 

Even  if  a consumption  rate  were  known  with  unassailable 
accuracy,  it  is  not  Immediately  clear  how  the  rate  should  be  used  in 
planning  an  amphibious  operation. 

"Consumption  rate"  by  itself  usually  denotes  an  average 
or  expected  rate;  this  rate  can  vary  from  day  to  day,  and  is,  in  the 
natvire  of  things,  a parameter  that  describes  a stochastic  (variable) 
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process.  Random  wear,  unpredictable  combat  losses,  incomplete  mainte- 
nance, and  unavailability  of  repair  parts  will  all  affect  the  complement 
or  T/E  that  is  operational  during  a combat  exercise. 

Because  actual  consumption  is,  in  the  nature  of  things, 
a variable  rather  than  a fixed  quantity,  the  strategy  that  will  most 
efficiently  guarantee  combat  readiness  of  a deployed  unit  is  known  to  be 
a complicated  one. 

b.  Conventional  Restocking  Procedure 

Conventional  restocking  and  redeployment  of  end  items 
dictates  that  replacement  units  be  supplied  at  constant  rates,  these 
rates  being  equal  to  the  wear  rates  of  the  end  items.  This  strategy  is 
an  inefficient  one  for  several  reasons.  In  the  first  place,  it  assumes 
that  all  end  items  have  equal  criticality;  this  assumption  is  open  to 
question.  In  the  second  place,  it  assumes  that  all  end  items  will 
require  replacement  at  precisely  predictable  times,  which  is  not  the 
case.  And  in  the  third  place,  there  is  no  provision,  under  this  stocking 
policy,  for  replacement  of  those  items  for  which  the  safety  stock  in  the 
objective  zone  is  exhausted.  At  least,  there  is  no  provision  other  than 
emergency  resupply.  But  emergency  resupply  is  known  to  be  rather  expen- 
sive in  terms  of  personnel  effort  and  of  shipping  space. 


c.  Improved  Stocking  Procedure 


As  soon  as  it  is  realized  that  actual  consumption  will 
vary  above  or  below  the  "expected  consumption"  of  each  end  item,  a more 
efficient  stocking,  shipping,  and  supply  policy  can  be  devised. 


The  first  step,  however,  must  be  a reasonably  useful 
knowledge  of  consumption  (demand)  rates.  The  CARF  (combat  active 
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replacement  factor)  listed  in  the  present  TAM  is  zero  for  a large  number 
of  end  items,  and  no  criticality  is  listed. 

The  absence  of  a criticality  factor  is  not  surprising, 
since  the  criticality  of  any  piece  of  equipment  does  depend  on  the 
function  assigned  to  the  military  unit  that  is  consuming  the  equipment. 
The  statement  that  the  CARF  is  zero  is  more  questionable.  The  CARF  may 
vary  from  military  unit  to  military  unit,  but  it  is  seldom  zero. 

3.  Analysis  of  Data  From  HQ  FMFPAC 
a.  Description  of  Data 

The  data  in  the  HQ  FMFPAC  report® consists  of  computer 
tapes,  together  with  supporting  documents.  The  computer  tapes  contain 
records  of  900,000  requisitions  that  were  processed  at  FSR  and  FLC  during 
the  period  1968-1970. 

Each  record  shows  FSN,  requesting  military  unit,  quantity 
requested,  date  (month)  and  unit  price.  The  supporting  documents  show 
the  nature  of  the  requesting  military  unit  (defined  in  the  computer  tape 
by  a numerical  code);  these  documents  also  show  the  combat  status  of  the 
military  unit. 

The  TAM  number  is  not  shown,  nor  is  the  square,  cube, 
weight,  NML  indicator,  square  load  indicator,  or  quantity  in  T/E. 

Fortunately,  the  missing  data  could  be  supplied  from  the 
MAGTF  data  base.  On  the  other  hand,  this  data  base  does  not  show  unit 
price.  Since  the  unit  price  is  now  available,  and  can  be  used  for  cer- 
tain other  routine  statistical  analysis  and  correlations,  it  is  suggested 
that  the  unit  price  be  incorporated  into  the  MAGTF  data  base  as  a perma- 
nent field  in  the  EQUIP  record. 
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The  first  step  in  the  analysis  was  to  extract  those 
requisition  records  that  pertain  to  the  TAMs  of  interest.  This  extrac- 
tion was  carried  out  by  the  use  of  an  FSN-TAM  conversion  code  prepared 
for  a previous  project.  It  turned  out  that  several  FSNs  correspond  to 
the  same  TAM;  even  more  surprising,  more  than  one  TAM  corresponded  to  the 
same  FSN  in  some  cases. 

The  next  step  was  to  organize  the  data  according  to  the 
T/E  of  each  of  several  military  units.  The  military  unit  code  in  the 
HQ  FMFPAC  tapes  differed  from  the  military  unit  code  used  in  authorized 
Marine  Corps  documents.  The  conversion  key  was  furnished  by  SRI,  based 
on  knowledge  of  Vietnam  troop  organization. 

The  last  step  was  to  take  out  demand  and  divide  the 
demand  by  the  quantity  in  the  T/E.  All  this  information  had  to  be 
merged  with  another  file  that  contained  square,  weight,  cube,  etc.,  (EQUIP 
File).  The  ratio  of  crude  demand  to  quantity  in  the  T/E,  TAM  by  TAM, 
was  called  normalized  demand,  or  specific  demand. 

It  had  been  hoped  that  there  would  be  some  correlation 
between  this  demand  rate  and  unit  price.  No  such  mea  ingful  correlation 
was  found,  in  spite  of  heroic  attempts.  (Such  a correlation  is  known  to 
exist  under  other  field  conditions.)  The  absence  of  correlation  in  the 
present  data  can  be  explained  in  several  ways:  demand  was  a function  of 

what  was  available  rather  than  what  was  actually  needed;  demand  data 
records  were  grossly  incomplete. 

Both  these  explanations  are  reasonable,  and,  to  a certain 
extent,  both  of  them  are  true.  On  the  last  point,  the  supporting  docu- 
ments specifically  mention  the  fact  that  many  requisitions  have  been 
lost  and  are  unrecoverable.  On  the  first  point,  although  demand  rates 
were  by  no  means  flat  over  all  items,  they  did  not  vary  much. 
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In  any  case,  the  best  information  that  can  be  gleaned 
from  the  HQ  FMFPAC  data  is  that  the  expected  demand  rate  for  an  A TAM  is 
to  be  estimated  by  taking  an  average  figure;  the  table  following  shows 
the  final  conclusion  of  the  data  manipulation  that  was  performed. 
(Caution:  since  the  data  is  incomplete,  the  tabulated  numbers  are  low. 

The  magnitude  of  the  error  is  discussed  later  in  this  report.) 


Table  V-12 

DEMAND  RATES  FOR  CLASS  VII  SQUARE  LOADED  ITEMS 
(Average  Figures  24-Month  Replacement  Factors) 


No.  of 
TAMs 

Averaged 

TAM 

Category 

Demand 

(24-month) 

Average 

Unit 

Cube 

Average 

Unit 

Price 

107 

A 

.07066 

43.82 

3226.07 

37 

B 

.07357 

87.20 

1790.45 

402 

C 

,06123 

5.26 

144.30 

102 

D 

.06130 

171.23 

1429.35 

93 

E 

.05173 

16.41 

1184.90 

741  (to 

tal) 

Mean 

,0620 

39,17 

959.54 

Note:  Items  included  are  only  those  (1)  for  which 

information  could  be  obtained,  and  (2)  that 
are  included  in  the  T/E  of  the  three  military 
units  M1988,  M1038,  M4112.  (Other  TAMs  are 
not  included  in  these  average  figures.) 
Additional  details  concerning  the  analysis 
are  given  in  Appendix  H. 


4.  Computation  of  Mountout  Adjusting  Factors 


a.  Analysis  of  the  PRC  Study 

1.  The  Raw  Consumption  Rate.  As  stated  above,  the  PRc"^ 
study  indicates  a consumption  rate  of  5.18  pounds  of  class  VII  items,  i.e., 
4.17  for  square  loaded  and  0.10  for  nonsquare,  and  7.83  pounds  of  class  II 
items  per  man-day  of  combat  in  the  Vietnam  conflict,  1966-1968.  This  figure 
was  obtained  from  on-the-spot  analysis  teams;  these  teams  had  access  to 
shipping  information  and  were  thus  able  to  include  all  supplies  that  passed 
through  the  ports.  Internal  checks  of  the  data,  comparisons  with  performance 
of  truck  companies  that  off-hauled  equipment,  and  variation  from  one  logistic 
island  to  another  show  that  the  information  is  self-consistent, 

2.  Reduction  of  the  Raw  Consumption  Rate.  To  reduce  the 
data  to  the  form  needed  for  planning  purposes,  it  is  necessary  to  know  the 
T/E  being  supported.  This  is  the  weak  point  in  the  present  analysis;  the 
actual  T/E  deployed  in  the  field  at  that  time  cannot  be  determined.  It  was 
probably  somewhat  larger  than  current  T/Es. 

Another  judgmental  adjustment  has  to  do  with  the  rela- 
tion between  quantities  shipped  and  quantities  consumed.  The  amount  shipped, 
or  even  the  amount  received,  is  not  necessarily  equal  to  the  quantity  consumed. 
In  fact,  it  is  known  that  large  surpluses  remained  at  the  end  of  the  Vietnam 
conflict.  However,  if  these  surpluses  were  only  a fraction  of  the  total 
shipped  per  year,  the  adjustment  that  is  required  to  take  account  of  the 
remaining  surplus  may  not  be  overwhelming. 

The  figures  4.17,  7.93  pounds/man/day  were  reduced  to 
pounds/man-day  demand  figures  for  TAM  items  in  the  following  fashion.  First 
the  total  weight  of  all  class  VIIW  square  loaded  items  and  class  IIW  and  VIIW 
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nonsquare  contained  in  mountout  computed  by  the  MAGTF  System  for  the  CSS 
notional  MAF  were  computed.  Next,  the  total  personnel  strength  was  used 
to  compute  the  number  of  combat  man-days  in  a 15-day  period  as  specified 
for  the  AE.  Dividing  the  total  weight  of  demand  as  computed  for  15  DOS, 
and  the  4.17,  7.93  values  by  the  weight  of  mountout  currently  computed, 
resulted  in  an  adjustment  factor,  as  shown  in  Table  V-13,  of  39.  This 
means  that  the  mountout  computed  from  the  current  values  of  the  CARF  and 
the  float  is  39  times  too  low  when  compared  with  the  Vietnam  usage  data 
contained  in  the  relevant  study’’’  . The  total  weight  used  to  obtain  this 
factor  includes  the  operational  readiness  float  for  the  same  supply  classes. 


Table  V-13 

MOUNTOUT  ADJUSTING  FACTOR  CALCULATION:  VIETNAM  DATA 

(Classes  IIW,  VIIW  Nonsquare) 


Data  Source 

Mountout  Weight 

MAGTF 

46,099* 

Float 

106,943 

Total 

153,042 

''ietnam 

4,201,790+ 

Adjusting  Factor 

39 

* 

Data  obtained  from  notional  MAF: 
MAGTF  summary . 

^Value  obtained  from; 

Wt  = 7.93  X 35,324  x 15 
7,93  = Ib/man/day 
35,324  * personnel  strength  AE 
1'^  >=  DOS  for  AE, 
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The  figure  used  for  the  float  was  one-third  the  total  for  the  entire  MAF. 

For  supply  class  VII  square,  again  including  the  float,  the  factor  is 
1.09,  as  shown  in  Table  V-14.  The  sizeable  float  embarked,  when  included 
in  these  calculations,  reduces  the  factor  from  1.4.  The  float  was 
included  since  both  mountout  and  the  float  are  available  to  supply  the 
total  demand  and  should  be  included  in  the  comparison  with  total  Vietnam 
demand. 

Table  V-14 

MOUNTOUT  ADJUSTING  FACTOR  CALCULATION:  VIETNAM  DATA 

(Class  VIIW  Mountout) 


Data  Source 

Mountout  Weight 

MAGTF 

1,564,384* 

Float 

465,387 

Total 

2,029,771 

Vietnam 

2,209,516+ 

Adjusting  Factor 

1.09 

* 

Data  obtained  from  notional  MAF: 
MAGTF  summary. 

^Value  obtained  from: 

Wt  = 4.17  X 35,324*  x 15 
4.17  = Ib/man/day 
35,324*  = personnel  strength  AE 
15  = DOS  for  AE 


The  adjusting  factors  computed  here  were  used  to  determine 
their  effect  on  the  AE  lift  problem  when  loading  in  a constrained  assault 
shipping  environment.  Results  from  this  analysis  are  presented  in 
Section  VII. 
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Middle  East  War  Adjustments 


The  consumption  data  used  here  to  evaluate  the  adequacy 
of  the  current  mountout  computations,  of  course,  was  based  on  the  Vietnam 
conflict.  Usage  rates  observed  from  the  Middle  East  war  might  have  added 
additional  insight  to  the  shipping  requirement  needed  to  lift  the  square 
loaded  mountout  cargo  category--if  such  data  had  been  available.  General 
information  concerning  that  conflict  suggests  that  high  loss  rates  may  be 
expected  in  the  class  VIIW  square  category  when  a combat  force  engages 
predominant  mechanized  forces.  An  arbitrary  adjusting  factor  will  be 
used  in  Section  VII  to  indicate  the  additional  mountout  lift  requirement 
needed  to  support  much  higher  loss  rates. 

c.  Adjustments  From  the  1968  TAM 

After  examining  the  difference  in  the  number  of  TAM  items 
having  CARFs  between  the  TAMs  of  1968  and  1974  previously  presented,  it 
was  also  necessary  to  compute  an  estimate  of  the  effect  of  using  the  1968 
TAM  CARFs  to  compute  mountout  on  AE  lift  requirements.  It  was  originally 
planned  to  enter  the  1968  CARF  values  into  a special  MAGTF  data  base 
version,  and  rerun  the  MAF.  This  method  was  not  possible  due  to  excessive 
costs  and  the  lack  of  opportunity  to  process  this  run  on  the  NPGS  computer. 
It  was  decided  that  the  accuracy  obtainable  from  using  an  approximation 
method  was  sufficient  to  demonstrate  the  effect  on  amphibious  lift.  The 
procedure  used  was  to  select  a small  sample  of  units  found  in  the  AE  and 
compute  an  adjusting  factor  derived  from  the  difference  in  the  weight  of 
mountout  between  the  1968  and  1974  TAM  CARF  values.  A value  of  2.38  for 
an  adjusting  factor  was  obtained.  Table  V-15  contains  the  units  and 
values  from  which  the  adjusting  factor  was  derived. 

In  summarizing  the  PWRM  analysis  conduced  during  this 
study,  the  original  intent  was  to  compute  recommended  values  for  the  CARF 
from  combat  usage  data.  Although  this  task  was  accomplished,  the  observed 
problems  with  the  data  prevent  the  recommendation  to  use  the  computed 
CARFs  for  mountout  calculations.  iTiis  task  establishes  a requirement  for 
further  study  of  the  mountout  computational  problem. 
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Table  V-15 


VALUES  USED  TO  COMPUTE  A CARE  ADJUSTING 
FACTOR  FROM  THE  1968  TAM 


Unit 

1968  TAM 

1974  TAM 

Ratio 

M8615 

24,599 

8,203 

M1038 

19,015 

3,521 

5.4 

M4112 

36,688 

21.980 

1.67 

Total 

80,302 

33,704 

2,38 

1 
J 

1 

The  adjusting  factors  obtained  from  the  Vietnam  data 
contained  in  the  PRC  study,  the  adjusting  factor  computed  from  the  1968 
TAM,  and  an  arbitrarily  selected  adjusting  factor  for  high  combat  loss 
rates  reflecting  Middle  East  war  effects  are  used  to  emphasize  the  lift 
requirement  generated  from  more  realistically  computed  mountout. 

E.  Summary 

This  section  has  provided  a description  of  the  data  and  its  sources 
to  be  used  for  conducting  the  analysis  of  the  constrained  amphibious  lift 
problem.  The  MAGTF  System  data  was  presented,  along  with  materiel  ad- 
justments that  will  have  an  effect  on  the  complete  lift  requirement  for 
a notional  MAF.  The  next  section  will  present  a description  of  a computer 
assisted  model  that  generates  and  uses  the  data  presented  herein. 

F.  Conclusions 

^ As  a result  of  the  analysis  presented  in  this  section,  the  following 

conclusions  were  developed. 

(1)  The  overall  capability  of  the  MAGTF  System  and  the 
continuous  requirement  for  lift  data  from  all 
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categories  of  cargo  available  from  this  system 
justifies  the  expenditure  of  effort  to  conduct 
the  further  improvement  of  the  MAGTF  Program  and 
continued  updating  of  the  MAGTF  data  base.  (Page  V-15.) 

(2)  The  MAGTF  System  generated  lift  expression  for 
the  MAF  is  the  most  current  and  accurate  source 

of  this  specialized  data  in  existence.  (Page  V-2.) 

(3)  The  known  errors  in  the  MAGTF  System  data  cause 

an  understatement  of  total  lift  requirement.  (Page  V-9.) 

(4)  The  T/E  reviews  conducted  by  units  in  the  FMF 
during  this  study  did  not  identify  an  accumulation 

of  significant  quantities  of  nonessential  equipment.  (Page  V-16.) 

(5)  The  combat  active  replacement  factor  (CARF)  used 
to  compute  PWRM  for  mountout  and  mountout  augmen- 
tation is  not  currently  based  on  realistic 
expected  consumption  rates  for  supply  classes  IIW 
and  VIIW.  (Page  V-30.) 
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VI  THE  CONSTRAINED  AMPHIBIOUS  LIFT  ANALYSIS  SYSTEM  (GALAS) 

A.  General 

In  the  previous  two  sections  of  this  report,  the  nature  and  extent 
of  the  amphibious  lift  problem  were  presented.  Briefly,  the  extent  of 
the  problem  was  defined  by  comparing  the  capacity  of  amphibious  assault 
ships  expected  to  be  available  during  the  period  to  1980  with  a realistic 
statement  of  lift  requirement  computed  from  a notional  troop  list  for  an 
assault  echelon  component  of  a MAF.  The  nature  of  the  problem  was  derived 
from  the  four  principal  areas  controlling  cargo  totals  and  the  flexibility 
obtained  from  incrementally  phasing  the  arrival  of  units  ashore  in  the 
objective  area.  The  data  presented  in  the  statement  of  amphibious  lift 
short  fall  showed  that  only  61  percent  of  the  bulk  cargo  and  9 percent  of 
the  square  cargo  could  be  loaded  into  the  59  ship  force  for  the  troop  list 
comprising  the  AE  of  the  notional  MAF.  The  first  two  objectives  for  the 
study  indicate  the  nature  and  extent  of  the  lift  problem  by  stating  the 
requirement  of  determining  the  feasibility  of  reducing  landing  force 
materiel  for  embarked  units,  and  by  reducing  lift  requirements  from  phasing 
units  ashore,  when  possible,  from  the  AFOE  embarked  in  nonassault  shipping. 

The  approach  pursued  to  solving  the  cimphibious  lift  short  fall  problem 
within  the  descriptors  contained  in  the  study  objectives  was  to  analyze 
the  problem  from  the  four  principal  areas  controlling  cargo  totals.  As 
previously  stated  in  Section  IV,  those  areas  are: 

(1)  Troop  list  of  AE 

(2)  Selection  of  AE  units  for  phasing  ashore 

(3)  Days  of  supply  for  mountout 

I (4)  T/E  lift  requirement. 

i 

L 
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A change  in  the  number  of  amphibious  ships  will  affect  the  problem 
(if  feasible). 


r 
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To  find  a solution  to  this  difficult  problem,  a series  of  models 
was  developed  from  very  practical  approaches.  These  models  provide  the 
means  for  analyzing  each  principal  aspect  of  the  problem  as  field  com- 
manders would  be  required  to  do,  utilizing  subjective  judgment  along 
with  a systematic  analytic  technique  designed  within  a series  of  computer 
prc^rams.  In  effect,  a solution  procedure  has  been  developed  that  func- 
tions as  a computer  assisted  decision  aid  to  the  commander  for  solving 
the  constrained  amphibious  lift  problem  within  the  context  of  an  assigned 
mission.  This  section  provides  a description  of  the  solution  procedure, 
which  has  been  called  the  Constrained  Amphibious  Lift  Analysis  System 
(GALAS).  Each  subsystem  will  be  explained,  along  with  the  overall  system 
functioning  process.  References  will  be  made  to  appendices  that  contain 
technical  descriptions  of  the  mathematical  models  designed  within  the 
supporting  computer  programs  comprising  the  system. 

B.  GALAS  Description 

Figure  VI-1  contains  a flow  chart  of  GALAS,  which  will  be  repeatedly 
referred  to  in  this  section.  Application  of  GALAS  begins  when  the  com- 
mander has  been  given  a specific  mission  for  which  a troop  list  has  been 
developed.  The  first  step  is  to  determine  the  lift  requirement  for  the 
selected  force.  The  number  of  days  of  supply  for  the  AE  and  AFOE,  and 
the  configuration  for  loading  fuel  requirements  must  also  be  specified, 
along  with  any  special  materiel  for  the  geographic  location  of  the 
objective  area.  When  these  decisions  are  made,  GALAS  may  then  be  employed. 

GALAS  consists  of  the  four  subsystems  shown  in  Figure  VI-1.  A brief 
description  of  each  subsystem  is  presented  here. 
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'rhe  amphihious  lift  requirements  subsystem  provides  the  amphibious 
lift  requirements  for  the  specified  troop  list  from  MAGTF  and  TFEIN  pro- 
grams. Automated  data  providing  the  precise  cargo  categories  of  person- 
nel, bulk  cargo,  square  loaded  cargo,  and  bulk  fuel  are  obtained  from 
this  subsystem. 

The  TFE  subsystem  receives  the  cargo  data,  called  the  movement 
requirement,  for  each  unit  of  the  AE,  and,  with  the  added  input  of  the 
amphibious  lift  characteristic  card  deck  of  amphibious  assault  ships 
available,  simulates  the  loading/unloading  and  movement  to  the  objective 
area.  In  so  doing,  the  lift  short  fall,  i.e.,  cargo  not  loaded,  is 
obtained  along  with  the  time  required  for  the  movement. 

When  a lift  short  fall  does  exist,  the  Constrained  Cargo  Factoring 
Model  subsystem  uses  the  same  input  as  the  TFE  subsystem,  along  with  the 
factored  cargo  deck  for  each  unit,  the  constraint  values  for  T/E  reduction, 
and  the  DOS  for  the  AE  mountout,  and  systematically  reduces  cargo  by 
specific  category  for  the  constraint  values  provided  to  the  program.  The 
output  of  this  subsystem  is  the  listings  of  constrained  T/E  totals  and  the 
constrained/unconstrained  AE  lift  status.  This  subsystem  applies  the 
constraints  and  loads  the  ships,  computing  the  lift  status,  i.e.,  lift 
short  fall  for  each  constraint. 

The  Constrained  T/E  Embarkation  Analysis  Model  subsystem  determines 
the  T/E  items  to  be  included  and  excluded  from  the  lift  requirement  based 
on  the  criticality  factors  assigned  to  each  item  of  the  T/E.  An  operational 
readiness  index  is  computed  for  all  constraints  applied.  This  subsystem 
prints  a constrained  T/E  and  operational  readiness  index  as  output. 

Based  on  the  input  troop  list,  days  of  supply,  shipping  available, 
and  assigned  constraint  values,  a shipping  short  fall  may  still  exist  in 
spite  of  the  T/E  reductions.  For  each  constraint,  the  list  of  items 
selected  for  elimination  from  the  unit  load  is  also  presented.  With  this 
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information  available  to  the  commander  and  his  staff,  analyses  of  the 
various  options  may  now  be  made  using  GALAS.  Referring  again  to  Figure 
VI-1,  the  feedback  lines  in  the  flow  chart  represent  the  courses  of  action 
possible.  Because  there  is  a constraint  value  below  which  computed  T/E 
reductions  are  unacceptable,  alternative  courses  of  action  must  be  con- 
sidered. These  are  to; 

(1)  Increase  the  number  of  amphibious  assault  ships 

(2)  Reduce  the  DOS  for  mountout 

(3)  Increase  the  constraint  value 

(4)  Reduce  the  units  in  the  troop  list. 

In  addition  to  these  major  options,  the  criticality  factors  assigned 
to  the  T/E  items  of  the  unit  may  be  varied  according  to  the  judgment  of 
the  unit  commander  concerned.  By  varying  the  options  that  are  input  to 
GALAS,  the  most  operationally  ready  force  possible  may  be  determined  with- 
in the  overall  constraints  facing  the  commander. 


The  brief  discussion  of  GALAS  presented  above  should  present  the 
general  concept  of  how  the  system  functions.  In  the  following  paragraphs, 
a more  detailed  explanation  of  the  subsystems  is  provided,  with  the  tech- 
nical presentations  included  in  the  appendices.  An  application  of  a constrained 
loading  problem  using  the  GSS  notional  MAF  data  constitutes  Section  VII. 


Amphibious  Lift  Requirements  Subsystem 


Referring  to  Figure  VI -1,  an  input  deck  for  the  MAGTF  Program  is 
prepared  describing  the  AE  and  AFOE,  as  previously  mentioned.  Instructions 
for  preparing  the  MAGTF  input  deck  are  found  in  the  MAGTF  System  "Users' 
Manual."  The  MAGTF  Program  is  then  processed,  which  provides  as  output 
a complete  listing  of  the  units  in  the  AE  and  AFOE.  Appendix  B contains 
two  sample  MAGTF  AE  unit  listings.  A summary  for  the  AE  and  AFOE  is 
available  from  the  run.  The  MAGTF  Program  also  punches  a JOPS  card  file 
as  an  automated  output  for  both  the  AE  and  AFOE. 


Vl-5 


The  JOPS  card  deck  then  becomes  the  input  to  a computer  program 
called  TFEIN.  An  additional  input-  deck  consists  of  a troop  list  identi- 
fication (ID)  deck  and  a mobile  loading  cargo  deck.  There  is  one  card 
in  each  deck  for  each  unit.  The  purpose  of  Program  TFEIN  is  to  read  the 
JOPS  deck  for  each  unit,  combine  the  data  from  the  ID  and  mobile  loading 
decks,  and  punch  a movement  requirement  card  for  each  unit.  The  movement 
requirement  card  is  formatted  for  input  to  the  Transportation  Feasibility 
Estimator  Model^  (TFE),  to  be  explained  later.  The  data  elements  contained 
on  this  card  are; 

(1)  Total  personnel 

(2)  Bulk  cargo  in  measurement  tons  (40  cubic  feet  = 1 m.  ton) 

(3)  Bulk  fuel  in  barrels 

(4)  Square  feet  of  square  loaded  items. 

Additional  data  elements  are  included  on  this  card  for  specific  require- 
ments of  Program  TFE.  The  data  elements  listed  above  also  serve  as  input 
to  the  Constrained  Cargo  Factoring  Model,  facilitating  a dual  use  of  the 
movement  requirement  card. 

The  JOPS  cards,  having  been  designed  for  JCS  specifications,  are  not 
directly  representative  of  AE  unit  lift  quantities.  JOPS  cards  contain 
total  cargo  without  regard  to  mobile  loading,  and  mountout  is  fixed  to 
the  days  of  supply  (DOS)  specified  for  the  MAF.  The  parameters  used  for 
computing  lift  of  the  notional  MAF  are  listed  in  Section  V.  From  that 
list,  one  observes  that  the  DOS  for  mountout  of  the  MAF  are  60,  and  for 
the  AE  15.  It  became  necessary  to  Include  an  algorithm  to  reduce  the 
60  DOS  to  15  for  AE  units.  The  problems  of  converting  the  cargo  totals 
to  15  DOS  are  more  complicated  than  may  be  expected  at  first  inspection. 

The  development  of  the  necessary  conversion  mathematical  model  is  pre- 
sented in  Appendix  D.  Program  TFEIN  also  produces  a printed  listing  of 
the  movement  requirements  for  each  unit  in  the  force.  An  explanation 
of  the  TFEIN  Program  is  also  included  in  Appendix  D. 


The  TFE  Program  was  obtained  from  HQ  FMFPAC  to  provide  an  automated 
means  of  determining  the  lift  status,  given  the  principal  inputs  of 
movement  requirements  and  the  amphibious  assault  shipping  capacity.  TFE, 
however,  is  a simulation  computer  model  that  determines  the  gross  move- 
ment feasibility  of  a projected  plan  of  deployment.  Specifically,  given 
the  movement  requirement,  the  assault  shipping,  the  capacity  of  the  ports 
handling  theToading  and  unloading,  and  the  geographic  locations  of  the 
ports  of  embarkation  and  debarkation,  TFE  will  determine  the  time  required 
to  complete  the  movement  of  the  mat«r±el^__Qf  the  many  listings  provided  by 
Program  TFE,  the  significant  output  for  this  study  was  the  cargo  quantities 
not  lifted  by  the  ships  provided  as  input.  The  ship  input  data  was  presented 
in  Section  IV.  The  format  of  the  shipping  data  presented  there  conforms  to 
the  TFE  Program.  Because  of  the  need  to  move  the  AE  and  AFOE  from  the  port 
of  embarkation  to  the  amphibious  objective  area,  with  no  turnaround  shipping 
permitted,  the  extensive  simulation  capabilities  provided  by  Program  TFE 

were  not  needed.  A loading  simulation  was  then  included  in  the  Constrained  j 

Cargo  Factoring  Model.  Sample  outputs  from  the  TFE  Program  are  found  in  j 

Appendix  C.  Amphibious  lift  status  is  contained  in  the  TFE  output.  | 

I 

i 

E.  Constrained  Cargo  Factoring  Model  (CCF) 

After  inspecting  TFE  output,  the  shipping  short  fall  for  the  cargo  of 
the  notional  MAF's  AE  is  defined.  The  CCF  model  provides  the  next  stage  | 

for  GALAS,  where  the  solution  procedure  begins  to  function.  As  evidenced 

in  Figure  VI-1,  there  are  four  Inputs  to  the  CCF  Model.  These  are  the  ^ 

same  movement  requirement  deck  and  amphibious  ship  lift  capacity  deck  used  i 

in  the  TFE  Program,  the  troop  list  factored  cargo  deck,  the  values  of  DOS  j 

for  mountout,  and  the  constraints  to  be  used  for  reducing  the  unit's  T/E.  J 

The  CCF  model  is  a computer  program  that  loads  the  movement  requirements 
for  each  unit  into  the  ships  provided  in  an  unconstrained  mode,  while 


! 

ij 
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printing  the  lift  short  fall.  It  then  constrains  the  amount  of  cargo  to 

be  loaded  for  each  unit  for  a variety  of  constraint  values,  printing  the  i 

troop  list  of  constrained  T/E  totals  and  the  constrained/unconstrained 
lift  status. 

The  CCF  model  functions  within  the  following  scheme.  The  data  pro- 
vided to  the  model  for  each  unit  is  in  measurement  tons  (MT)  for  bulk 
cargo  and  square  feet  for  square  loaded  cargo.  Using  the  cargo  factoring 
deck,  these  totals  are  factored  into  T/E  totals,  which  include  only  supply 
classes  IIW,  VIIW  (nonsquare)  and  IV;  mountout  of  all  nine  supply  classes, 

and  class  VIIW  square  loaded  totals.  For  aviation  units  a further  factor-  j 

ing  is  done  for  bulk  cargo  with  respect  to  classes  IIA  and  VIIA  nonsquare,  \ 

1 

VIIA  square  loaded,  and  the  IMA  square  loaded  items.  Now  that  the  unit's  | 

cargo  is  factored  into  categories  providing  the  logical  areas  for  reduction,  j 

I 

further  constraints  are  then  applied  by  multiplying  the  specific  constraint  j 

by  the  T/E  total  for  bulk  cargo  and  by  the  T/E  square  loaded  total.  Since  | 

for  classes  IIA  and  VIIA,  totals  for  units  are  defined  to  be  initial  issues,  j 

plus  90  days  mountout,  constraints  are  not  applicable  to  these  categories  j 

and  they  are  not  reduced.  | 

I 

Because  of  a decision  made  by  the  Study  Advisory  Committee,  IMA  | 

equipment  is  eliminated  by  the  model  for  loading  into  assault  shipping,  j 

i.e.,  LPHs,  LHAs.  The  assumption  is  made  that  this  equipment  will  be  j 

I 

furnished  by  the  LPHs  and  LHAs,  allowing  it  to  be  loaded  into  AFOE  ships.  | 

1 

. i 

Mountout  adjustments  may  be  made  by  changing  the  DOS  for  the  AE.  Since  | 

the  mountout  cargo  is  factored  and  was  computed  for  a specified  number  of  i 

DOS,  reduction  of  the  cargo  quantity  to  1 DOS  is  done.  This  amount  is  then 

converted  to  the  desired  number  of  DOS.  > 

When  all  adjustments  are  made  to  the  factored  cargo  quantities,  new 
totals  are  then  obtained  by  adding  the  factored  parts  together  for  both 
bulk  cargo  and  square  loaded  cargo.  The  ship  loading  operation  is  then 

conducted  and  the  next  unit  is  processed.  ,j 
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The  constraint  values  used  for  T/E  reductions  are  given  in  decimals. 

A constraint  value  would  be  .90,  indicating  a 10  percent  reduction  in  the 
T/E  totals.  Constraints  were  not  applied  to  the  same  degree  for  all  units 


1 

I 


of  the  AE.  By  the  use  of  codes,  constraints  were  not  applied  to  detach- 
ments that  were  formed  for  performing  a specific  function.  Constraint 
values  used  to  reduce  T/E  cargo  for  combat  units  are  assigned  to  be  one- 
half  the  overall  constraint  for  the  AE.  Combat  support  units  generally 
were  constrained  by  the  same  value  as  the  overall  constrained  value. 
Certain  combat  service  support  units  were  constrained  twice  the  overall 
reduction  value.  This  variation  in  constrained  values  provides  a 
weighted  constraint  for  units  in  the  AE  according  to  their  mission  or 
function.  The  values  assigned  to  the  units  in  the  notional  MAE  were  arb- 
itrary and  could  be  changed  by  the  user  to  satisfy  his  Judgment  in  accept- 
ing the  ultimate  list  of  items  eliminated  from  the  T/E  as  determined  by 
the  constrained  T/E  embarkation  model.  The  decision  as  lo  whether  a 
detachment  should  be  constrained  can  also  be  made  at  the  discretion  of 
the  user  of  CALAS.  A change  in  the  code  for  the  detachment  will  include 
the  unit  in  the  constraint  calculations. 

An  additional  feature  of  the  CFF  Model  is  the  reallocation  of  square 
stowage  space  to  bulk  cargo  when  excess  square  space  occurs  through  con- 
straining the  total  square  to  be  loaded.  The  nature  of  the  cargo  data 
indicated  that  such  a feature  was  desirable  because  of  a tradeoff  that 
exists  between  eliminating  some  big  item  and  loading  more  smaller  items. 
Since  there  are  many  large  square  loaded  items,  such  as  trucks,  included 
in  AE  cargo,  and  since  the  decision  as  to  what  to  include  or  eliminate 
applies  only  to  the  period  between  D-Day  and  the  arrival  and  specific 
unloading  of  the  AFOE,  options  do  exist  as  to  which  vehicles  or  engineer 
equipment  to  Include  in  the  AE  units.  Results  obtained  from  analyzing  the 
CSS  notional  AE  cargo  within  CALAS,  presented  in  Section  VII,  will  demon- 
strate the  usefulness  of  this  feature.  When  excess  square  loaded  space  is 
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obtained  during  a constrained  loading  run,  the  space  is  reallocated  to 
bulk  cargo  by  assuming  two-pallet  high  stacks.  New  totals  for  bulk  and 
square  loading  are  computed  for  the  shipping  capacity,  and  the  units  are 
reloaded  for  the  same  constraint  value.  A new  value  for  shipping  short 
fall  is  then  obtained. 

The  output  listings  of  the  CFF  Model  are  then  used  to  provide  the 
exact  space  reductions  for  the  T/Es  of  each  unit,  which  are  then  used  by 
the  Constrained  T/E  Embarkation  Analysis  Model  to  determine  the  most  opera- 
tionally ready  mix  of  equipment  for  the  reduced  space  allotted  to  the  T/E 
of  the  unit. 


Each  standard  military  unit  in  the  Marine  Corps  has  a prescribed 
Table  of  Equipment  (T/E)  detailing  the  equipment  it  is  authorized  to 
maintain.  The  ability  of  a unit  to  perform  its  function(s)  is  predicated 
on  the  availability  of  the  major  items  of  equipment  listed  in  its  T/E. 

The  standard  T/E  of  a unit  assumes  that  there  will  be  no  shortage  of 
shipping  space  in  which  to  load  the  authorized  equipment;  but  if  there 
is  such  a shortage,  two  questions  Immediately  arise:  (1)  Can  the  opera- 

tion be  successfully  mounted?  and  (2)  What  part  of  the  full  strength  T/Es 
should  be  carried  by  each  unit  in  the  assault  echelon. 

The  problem  addressed  in  the  following  paragraphs  is:  Given  that 

shipping  capability  is  limited  by  a fixed  constraint  (cube  or  square), 
what  is  the  optimum  T/E  that  should  be  loaded?  It  follows  that  when  there 
is  a volume  or  square  constraint  on  shipping,  the  objective  is  to  mini- 
mize the  loss  in  efficiency  caused  by  the  decrease  in  equipment  and 
supplies. 

For  the  purposes  of  the  Constrained  T/E  Embarkation  Analysis  Model 
(CONTEAM),  it  is  assumed  that  for  each  unit  a known  amount  of  constrained 
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cube  and  square  storage  is  given  from  the  Constrained  Cargo  Factoring  I 

Model.  The  problem  remaining  is  the  optimal  allocation  of  this  scarce 

space.  I 

For  the  CONTEAM  model  only  the  class  IIW  and  class  VIIW  TAM  items  i 

are  constrained.  However,  a constraint  can  theoretically  be  applied  to 

any  other  class(es)  of  supply,  if  desired.  This  procedure  produces  a j 

concrete,  pared  down  T/E  that  is  smaller  than  the  standard  published  T/E  | 

for  a unit.  The  output  from  the  CONTEAM  model  shows  for  each  unit's  T/E  I 

the  class  IIW  and  class  VIIW  TAM  items  to  be  omitted  from  the  assault 
echelon;  these  will  be  carried  by  the  assault  follow-on  echelon  or  later 
replenishment  phase. 

The  CONTEAM  model  first  fills  the  available  space  with  a "skeleton 
T/E"  consisting  of  those  items  that  will  be  absolutely  essential  during 
the  interval  between  the  landing  of  the  assault  echelon  and  the  arrival 
of  the  assault  follow-on  echelon.  The  balance  of  the  shipping  space  is 
then  filled  with  T/E  items  (TAMs)  according  to  their  importance  to  the 
unit . 

The  CONTEAM  model  operates  within  the  following  systematic  design. 

The  importance  of  an  item  of  equipment  to  a unit's  mission  can  be 
derived  by  relating  its  usage  to  specific  functions  of  the  unit,  and,  in 
turn,  determining  the  relative  importance  of  the  specific  functions  to 
the  unit's  combat  mission. 

Before  a criticality  can  be  assigned  an  item  of  equipment  for  a 
unit,  it  is  necessary  to  relate  each  principal  item  (TAM)  to  one  or  more 
of  22  distinct  functions  performed  by  FMF  units.  For  the  purposes  of 
the  CONTEAM  model,  each  T/E  item  is  assigned  a criticality  that  relates 
to  its  Importance  in  the  unit's  mission.  Within  this  framework,  the 
model  makes  use  of  probability  tables  to  compute  the  quantity  of  each 
T^  to  be  loaded  to  fill,  but  not  to  overflow  the  constraint. 
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For  TAM  items  that  occur  In  a unit's  T/E  with  authorized  quantities 
of  1 to  20,  the  program  will  include  TAMs  with  the  highest  criticality 
and  exclude  TAMs  with  the  next-to-highest  criticality  when  the  constraint 
amounts  to  60-75  percent  of  the  space  required  to  load  the  unit's  full 
authorized  T/E.  Of  the  TAMs  with  low  criticality,  the  bulky  ones  will  be 
selectively  excluded,  but  usually  in  part.  That  is,  the  quantity  admitted 
to  the  constrained  T/E  will  be  some  fraction  of  the  authorized  quantity. 
Nonpriority  TAM  items  will  probably  be  completely  excluded  from  the  con- 
strained T/E. 

For  items  that  appear  in  the  unit's  T/E  with  authorized  quantities 
of  40-1200,  the  program  will  exclude  some  portion  of  the  full  T/E  quantity 
in  almost  every  case--even  for  the  highest  priority  items.  This  is  purely 
a function  of  the  algorithm  as  it  begins  to  favor  the  first  units  of  low 
priority  items  over,  say,  the  100th  unit  of  a higher  priority  item.  Ex- 
perience shows  these  results  to  be  useful,  although  they  can  be  modified 
if  the  planner  feels  this  is  necessary. 

The  output  from  the  CONTEAM  model  is  a constrained  T/E,  plus  a list 
of  quantities  of  each  T/E  item  that  must  be  left  behind  under  the  constraint 
(limited  cube  or  square  shipping  space)  assumed  during  the  execution  of  the 
model.  It  must  be  emphasized  that  the  CONTEAM  model  produces  nothing  but 
a tentative  T/E  that  may  need  to  be  adjusted  by  the  operational  planning 
officer. 

After  the  planner  has  made  all  of  the  adjustments  he  deems  necessary, 
he  can  rerun  the  CONTEAM  model  to  obtain  a more  desirable  constrained 
T/E. 

By  assigning  a weight  (or  importance)  to  each  item  of  equipment  of 
a unit,  a measure  or  index  of  operational  readiness  can  be  calculated 
that  is  oriented  toward  the  unit's  operational  function(s). 
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For  a given  T/E  and  unit,  multiplying  the  quantity  (density)  of  each 
item  of  equipment  by  its  weight  (criticality)  and  summing  the  products 
will  give  a value  that  indicates  full  or  maximum  readiness  for  that  unit. 

If  for  some  reason  the  T/E  must  be  constrained  by  lack  of  shipping,  avail- 
ability of  T/E  items,  etc,  the  items  that  can  be  shipped  or  that  are  avail- 
able can  be  multiplied  by  their  weighting  factor,  and,  after  summing  the 
products,  the  value  of  readiness  obtained  can  be  compared  against  that 
value  of  readiness  obtained  from  a 100%  filled  T/E  and  expressed  as  a 
percentage . 

The  OR  index  gives  the  capabilicy  of  examining  important  tradeoffs. 

For  example,  the  reallocation  of  square  storage  to  bulk  storage  may  actually 
increase  the  operational  readiness  of  a unit. 

It  must  be  kept  in  mind  that  the  CONTEAM  model  is  but  one  subsystem 
of  a much  larger  system  and  by  Itself  does  not  necessarily  provide  the 
complete  solution  to  the  problem  of  limited  shipping  availability.  Rather 
the  CONTEAM  model  is  designed  to  be  utilized  as  an  equal  partner  within 
the  GALAS  system. 

Appendix  F offers  the  interested  reader  the  complete  rationale  and 
a detailed  mathematical  explanation  behind  the  CONTEAM  model. 
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VII  rap.  CONSTRAINED  AMPHIBIOUS  LIFT  PROBLEM 


A.  General 

The  preceding  sections  of  this  report  have  provided  the  necessary 
background  information  to  permit  a detailed  discussion  of  the  solution 
procedure  available  from  GALAS  when  applied  to  the  amphibious  lift  prob- 
lem created  by  comparing  the  CSS  notional  MAF  lift  expression  and  avail- 
able amphibious  assault  ship  capacities.  This  section  will  provide  an 
analysis  of  the  amphibious  lift  problem  obtained  by  processing  the  input 
data  previously  described  through  the  computer  models  of  GALAS.  The 
presentation  will  follow  a logical  procedure  available  to  the  staff 
planner  in  order  to  arrive  at  an  optimal  lift  expression  in  a constrained 
amphibious  assault  shipping  environment  when  utilizing  the  options  avail- 
able in  GALAS. 

The  process  of  analyzing  the  CSS  notional  MAF  data  for  the  AE 
within  GALAS  demonstrates  a systematic  procedure  for  reducing  landing 
force  materiel  within  the  constraints  of  operational  readiness  and 
sustainability.  Additionally,  the  effects  of  incremental  phasing  of 
units  and  functions  into  the  objective  area  from  AFOE  loaded  ships  are 
determined,  which  satisfies  the  first  two  objectives  of  the  study.  While 
the  use  of  a notional  MAF  combat  capability  does  not  satisfy  any  real 
world  combat  mission,  its  troop  list  and  resultant  lift  requirement 
provides  a realistically  sized  problem  for  demonstrating  the  use  of 
GALAS  in  aiding  the  staff  planners  of  the  MAF  to  Include  the  most  combat 
capable  force  for  the  assigned  mission  when  embarked  in  the  available 
assault  shipping.  Many  iterations  of  processing  the  AE  lift  data  through 
GALAS  are  possible  while  analyzing  the  effect  of  the  different  options 
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before  selecting  the  commander's  optimally  combat  ready  force  to  be 
embarked  in  assault  shipping.  The  greatest  advantage  from  applying  tliis 
method  to  the  constrained  loading  problem  is  the  rapid  response  available 
from  a computer  assisted  decision  aid. 

Section  IX  will  present  a description  of  CAIAS  installed  within  an 
automated  command  and  control  system,  demonstrating  the  concept  of  how 
the  MAF  commander  and  his  staff  may  use  the  system  in  a routine  manner. 


B . Loading  the  CSS  Notional  MAF 

1 . Amphibious  Lift  Requirement  Preparation 

The  AE  troop  list  and  cargo  data  used  for  the  analysis  were 
presented  in  Table  IV-7  of  Section  IV.  It  may  be  recalled  that  this 
data  prepared  for  ship  loading  was  obtained  by  processing  the  troop  list 
through  the  amphibious  lift  requirements  subsystem  of  GALAS.  For  the 
staff  planner,  the  troop  list  prepared  for  conducting  the  loading  analysis 
was  determined  by  analyzing  the  tactical  problems  to  be  solved  from  all 
available  information.  In  the  case  of  the  notional  MAF,  it  is  assumed 
that  the  troop  list  contains  all  units  desired  for  loading  in  assault 
shipping.  By  processing  MAGTF  and  the  TOPS  cards,  the  lift  requirement 
is  computed  for  the  AE.  At  the  same  time,  the  troop  list  factored  cargo 
deck  is  punched.  This  deck  is  currently  prepared  by  hand  from  data 
contained  in  the  MAGTF  listings,  but  when  operating  as  an  automated 
decision  aid,  GALAS  would  have  this  deck  automatically  written  by  the 
MAGTF  program  and  available  as  input  to  the  GGF  model  with  no  manual 
intervention. 


2.  The  TFE  Subsystem 


The  TFE  program  may  be  run  at  this  point  with  the  movement 
requirement  and  amphibious  lift  characteristic  input  decks.  Sample 
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output  listings  from  this  program  are  found  in  Appendix  C.  This  program 
primarily  provides  arrival  times  in  the  objective  area,  which  are  not  a 
problem  area  in  this  study.  This  program  does  provide  listings  of  unit 
cargo  not  loaded,  as  well  as  lists  of  ships  sailing  partially  loaded, 
when  that  condition  occurs.  This  program  is  most  useful  for  cases 
where  shipping  capacity  is  greater  than  lift  requirements. 

3.  Constrained  Cargo  Factoring  Model  Subsystem 

With  the  same  two  input  decks  used  by  the  TFE  Program,  the 
CCF  computer  model  may  be  run  for  as  many  different  values  of  the  T/E 
constraint  as  desired  up  to  some  preestablished  limit  built  into  the 
program.  Currently,  the  program  executes  for  seven  constraints,  as 
shown  in  Table  VII-1  for  one  program  execution.  After  execution,  the 


Table  VII-1 

CONSTRAINT  VALUES  AND  DOS  FOR  CCF  MODEL  PROCESSING 


Constraints  1.0,  .90,  .85,  .80,  .75,  .70,  .65 
DOS  for  AE  = 15 


CCF  Model  output  provides  the  staff  planner  the  information  shown  in 
Table  VII-2.  The  first  constraint  used  by  the  model  is  100,  or  no 
constraint.  The  amphibious  lift  short  fall  presented  in  Section  IV  was 
obtained  from  this  unconstrained  loading  run.  Results  for  each  constraint 
value  used  are  also  Included  in  this  table. 

A graph  of  percent  short  fall  versus  the  constraints  used 
within  the  model  is  shown  in  Figure  VII-1.  The  curve  shows  the  effect 
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FIGURE  VII- 1.  WEIGHTED  CONSTRAINED  UNIT  LOADING  VERSUS  PERCENT  SHORT  FALL 
FOR  THE  AE  USING  ASSIGNED  PARAMETERS 


Table  VII -2 


WEIGHTED  CONSTRAINED  UNIT  LOADING 
VS  PERCENT  SHORT  FALL 


Percent 

Short  Fall 

Constraint’^ 

39% 

100% 

36 

90 

29 

85 

19 

80 

9 

75 

0 

70.8 

* 


Constraints  are  weighted 
according  to  units'  missions, 
as  explained  in  Section  VI. 

of  increasing  the  amount  of  materiel  eliminated  from  T/Es  of  units  on  the 
percent  short  fall,  i.e.,  percent  of  the  constrained  cargo  not  being 
loaded  into  the  assault  ships.  The  curve  illustrates  well  the  ir^teractive 
effect  when  constraints  reduce  the  square  loading  requirements  b^ow  the 
square  capacity,  permitting  the  reallocation  of  square  space  to  bulk  stor- 
age. If  constraints  were  limited  to  being  applied  to  square  loading 
requirements  until  no  square  loading  short  fall  occurred,  the  reduction 
in  bulk  loading  necessary  to  reduce  the  short  fall  for  bulk  items  would 
be  prohibitive.  Square  loaded  cargo  space  is  fully  loaded  when  con- 
straining units  by  88  percent.  Therefore,  when  constraining  square 
loaded  items  by  values  lower  than  88  percent  and  in  the  same  amount  as 
bulk  cargo,  excess  square  loading  space  will  exist  and  increase  so  that 
reallocating  square  space  to  bulk  accounts  for  the  steep  slope  of  the 
curve  in  Figure  VII-1.  Total  loading  of  the  constrained  AE  at  a more 
reasonable  value  of  70.8  percent  is  then  possible.  Figure  VII-2  shows 
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the  effect  of  limiting  the  square  loading  constraint  to  88  percent,  the 
amount  necessary  to  load  all  square  space.  In  Figure  VII -2,  the  lack  of 
any  further  reduction  of  square  loaded  items  below  88  percent  is  illus- 
trated, Constraints  as  low  as  50  percent  still  permit  a short  fall  of 
19  percent  of  the  constrained  bulk  cargo. 

4,  The  Constrained  T/E  Embarkation  Analysis  Model  Subsystem 

At  this  point  the  staff  planner  becomes  interested  in  the  T/E 
reductions  calculated  for  units  when  applying  the  lower  constraint  values. 
He  observes  that,  with  no  constraint,  there  is  a 39  percent  short  fall  in 
shipping  capacity  for  the  original  troop  list,  and  the  short  fall  is 
further  reduced  for  each  constraint.  Since  the  constraint  value  providing 
complete  loading  is  lower  than  may  be  acceptable,  other  CALAS  options  will 
be  considered  in  finding  the  optimal  operationally  ready  force  for  loading 
into  the  assault  shipping.  Before  considering  other  options,  a study  of 
the  effect  on  unit  T/Es  for  the  lower  constraint  values  is  necessary  to 
determine  what  T/E  reduction  level  can  be  accepted  while  maintaining  a 
viable  unit's  equipment  list.  Table  VII-3  contains  the  T/E  listings  for 
a sample  of  unit,  M1038,  in  the  troop  list.  At  this  point  the  subjective 
judgment  of  officers  doing  the  planning  becomes  all  important. 

Although  the  constrained  T/E  Embarkation  Analysis  Model 
(CONTEAM)  operates  systemically  on  the  criticality  factors  assigned  as 
input,  returning  the  greatest  operational  readiness  index  value  for  the 
T/E  mix  included  for  loading,  the  experience  and  judgment  of  officers 
reviewing  T/E  reductions  for  all  combat,  combat  support,  or  combat  service 
support  functions  is  required  for  determining  the  acceptable  constraint 
level.  The  need  for  exercising  such  judgment  is  ever  present  in  current 
peacetime  amphibious  training  exercises.  Making  such  judgments  is  there- 
fore routine.  The  advantage  gained  from  using  a computer  assisted  decision 
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CONSTRAINED  T/E  FOR  M1038  WHEN  CONSTRAINED  TO  90%  OF  AUTHORIZED  T/E  LIFT  REQUIREMENT 


I 


cooocococoooooco 

IT.  — 

r>  ••  N — <vj  »- 


o c o o o c 

• •••«• 

o o < o r.  ® 

C C «■ 


— — — tf5K<N/wAf  — 

- — tv  - - »r  - 


tn 

o 

o 

o 

o 

c 

< 

(D 

< 

o 

< 

o 

o 

o 

o 

c 

e 

(0 

CO 

® 

m 

o 

c 

r 

z 

ff 

' 

\ii 

K 

t- 

>- 

u 

u. 

\L 

u. 

u. 

7 

“) 

o 

o 

o 

u; 

V 

n 

tv 

in 

M 

If 

tv 

tv 

mm 

in 

h* 

tv 

N 

tv 

r> 

IT 

to 

ff 

tv 

tv 

c 

in 

C 

z 

u 

u 

I/I 

If. 

N 

M 

<v 

•« 

*4 

m 

44 

w 

< 

K 

o 

tr 

►- 

If 

o 

o 

e 

o 

o 

o 

> 

• 

• 

• 

• 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

e 

M 

c 

O' 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

t 

• 

• 

• 

• 

o 

u* 

M 

o 

Ui 

T 

O' 

o 

o 

o 

M 

in 

o 

tv 

o 

«n 

ir. 

o 

tv 

o 

o 

o 

o 

If 

o 

o 

o 

o 

o 

o 

(/) 

c 

M 

N 

o 

If 

M 

< 

n 

c 

< 

O' 

tv 

IT. 

tv 

or 

n 

o 

(C 

in 

o 

o 

< 

44 

in 

c 

Ui 

(0 

►- 

M 

c 

(V 

tv 

n 

r> 

o 

«4 

to 

o 

mm 

N 

44 

< 

U) 

in 

in 

C 

J 

s 

c 

X 

a 

< 

(/> 

o 

m 

o 

i 

• 

M 

K 

o 

o 

o 

c 

o 

o 

c 

o 

o 

o 

c 

o 

c 

e 

o 

o 

o 

o 

c 

c 

o 

e 

o 

o 

o 

* 

lU 

U 

UJ 

u 

If 

til 

• 

• 

• 

• 

« 

• 

• 

• 

• 

• 

« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

z 

> 

N 

a 

V 

a 

\ 

s 

tr 

O' 

o 

N 

in 

in 

•4 

tv 

rg 

in 

N 

o 

o 

< 

o 

to 

c 

o 

If 

o 

h 

3 

n 

«« 

tv 

m* 

fj 

m* 

o 

tv 

« 

in 

•4 

I/) 

o 

o 

u 

(/) 

o 

• 

o 

• 

« 

< 

ili 

in 

u: 

m 

X 

O' 

I 

o 

K 

u 

tf) 

tn 

< 

M 

o 

o 

Ui 

o 

o 

o 

oo 

a 

H 

j 

111 

ff 

• 

• 

• 

o 

s 

(T 

S 

< 

o 

tv 

o 

>- 

u. 

D 

o 

3 

c 

K 

5 

tv 

tv 

er 

a 

UJ 

a 

UJ 

a 

M 

44 

U) 

z 

z 

in 

z 

N 

u. 

M 

u. 

< 

o 

< 

o 

< 

IL 

a 

a 

z 

lU 

Ui 

»- 

lii 

H 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

G 

o 

o 

o 

o 

o 

03 

tf> 

a 

(/) 

1- 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

t 

• 

• 

• 

• 

t 

< 

D 

z 

< 

z 

Z 

X 

0* 

o 

o 

O' 

M 

tv 

n 

tv 

o 

n 

in 

tv 

«n 

c 

in 

m 

o 

0» 

o 

to 

o 

o 

m 

IT 

>- 

U O 

7> 

o 

UI 

o 

in 

♦ 

tv 

M 

« 

o 

tv 

m 

0m 

o 

tv 

in 

o 

fO 

f'- 

o 

10 

tv 

tv 

s 

m 

tv 

ff 

u 

O 

w 

•» 

N 

*4 

in 

in 

p4 

to 

3 

in 

•• 

UI 

(V 

tv 

to 

u 

> 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

z 

UJ 

• 

• 

• 

t 

t 

f 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

t 

• 

« 

• 

• 

• 

• 

O O CC  ® M 

tn 

n 


VII-8 


I 


lOOCOOCOO 


o o o coiDN*«reir< 

• •••  »••••••• 


tr*  rv  cv.  « ^ 


r.  ^ (T.  <Ni 

— n ►• 

N 


^ tn  (T.  IT  — 


tf>trototoo<ccirtrc'9(\j 
*•  IT. 

rc 


or^c^c**oir««o 
♦ If  e 

CD  m 


- P-- 


ir  If.  o »o  »n  o c o i''  tr  «*<  O'  N — 

NfVtincv  — IT  Ncjo  — 


<c«oiDc*^o(r««o 
< N o 
o in 


oooooooooocooococoooooooooocooooooooeoooo 

tn««ooOCOlO«-<MlfP,  COOOOOIflOCCOJfOO^OOKOOOemOOOOlf^ 
400«<uirr)<#''cst"’>-«(v.«  oinu'is  o««ir.  (^(fo<0(n<^i«^(C^(f>o<vcoeDo 

— <M  ioncc(\>No-**<-*««*^sC  oo  »fr)nAj 

fSi  •"  O 10 

^ c 


cocccc  oo 

• ••••••• 

r, 

to 


O-CCCW  COtf*.  K 


tootr  — «ciocofn<i»f'rorccoNOOo 

®«*r  ffsctON**  o — (N.4Oi0Nn.niM 

N to  -• 


0®(ViT«0«  NWi^X 
M < art  ^ 1^ 

n 


ff  S >0  to  N 

•«  m s 
M 


OOOOOOOOOOOOOOO.  OOOOOOOOOOOOOOOOOOOOOOOOOO 

h*  •••#•••••••••••••••••••••«••••••••••••••• 

zz  iONoooiooto-«NLOctooo  #onN««Ofn<^«*cw<vi'OooNtoooono«o-(o« 

uio  ^oo«"<voirt^<*<A:««<o«o^  ^ ^ ^ vt  to  <c  'C  co 

►-••••  *OnNa-fOO*-  N 

m \n  (SJ 


oooooooo 

ZtU  •#••••## 

kiS 

►-  D 10 

^ u 


Oa40ooesinion®oO(\j*«oMNOinor)««n*«in(sioo^ooo 

oeOMfon#  — m»  <c  94  ^ ro««  «»«paN  i*)n 

N - N 


e 

o 

O 

to 

o 

O 

O 

o 

to 

O 

o 

o 

O 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

lO 

o 

o 

o 

o 

o 

c 

o 

o 

< 

c 

o 

J 

•a 

® 

<c 

o 

o 

M 

o 

« 

o 

o 

4 

10 

o 

N 

aa 

m 

4 

to 

N 

o 

n 

(0 

aa 

o 

M 

mm 

4 

mm 

4 

to 

o 

4 

o 

n 

to 

< 

<0 

tr 

< 

N 

K 

o 

<v 

V 

tr 

IT 

< 

r< 

O 

o 

C 

o 

c 

o 

cv 

N 

e 

o 

o 

o 

c 

O 

mm 

at 

M 

INJ 

fO 

4 

« 

w* 

(\J 

N 

M 

<N» 

M 

<M 

m 

C 

o 

o 

•a 

•a 

r\j 

N 

<M 

(NJ 

<M 

N 

N 

N 

(M 

M 

n 

4 

4 

4 

4 

• 

4 

4 

4 

4 

4 

4 

4 

4 

4 

< 

< 

< 

< 

< 

< 

< 

< 

9 

eo 

o 

9 

o 

a 

s 

U 

U 

u 

u 

u 

V 

u 

u 

u 

u 

U 

u 

u 

u 

U 

u 

u 

u 

U 

V 

U 

u 

U 

u 

U 

V1I>9 


Table  VII -3 (a)  (Continued) 


>- 

a. 

u 


« ru  i\i  (V  M 


VK  mm  tf)  n ^ tM  mm  Cki  mm  mm  ^ 

►-  o 


oooccoooc  oo 

K ••••«•••••• 

ut  C^COlT.CSj^OC^J^ 

NV3 

mm  C*i  < \fi  ^ C4  f*\ 

uj  in 

3K 


OOOOOOOOOOOOOO 


citfOMMtoo^oc^^ino 

«<r*r«ONrgOfoo<cD<D  to 

>>C(Nj<trNjO  CM  «0 

CM  N (C 


oooooooooooocoo 


o<to<ooo®*-<n«^oo 

M r)  M 


4<NC®OKCO«*CfM 

Ui^.  ••••••«•••«• 

V®  •«  mm  ^ ^ o -«o®inn 

► 5 mm  9i  ^ mm  ©k® 

u CM  « 


^CMOON«i®Or50eO#N 


f*^r)««ocM<M  ««(nto 

MM  <c 


(MOincrOCV^M 


«•  o-^ 

o « n (M 


o 

• 

o 

f? 


OOOOOOqOoOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOO 


*1  ^<Mooin®CNjoo®^<<'jo-*®®o*«of«-<^.inNONo<N/Noo®**#r)«‘»®\oo 

UJV9  ®mfn®mor)o  cs  o^ifinomm^n*^  c^m>oj-«mm 

MM  mmmDmCM  mmCMD  Om 

M lu 

» 


«<Mos«®«oooN®(MOOOfn®moMO)nor)9CMo®o^cv<^o  o«m®r) 

JIU  ••••••••••••*••••••••«••••••••••••  ••••• 

UlO  M cMN®r)  *•«#(Mr>®^‘(^ln^^fM|^.  ® o •* 

^ O •*  MM  CM 

u 


Ul 

z a 
lU  < 
H D 
M o 
tn 


oooooooo 
z Nva'ONQnm 

OUUUUUtiU 


cooooooocoo 

®CHmO(SJOm(MN|«)0» 

9C«*Nn#«®®0'0 

uuuuuuuuuuu 


oomooocooo 

M9M(M«K®<hM^ 

OMCvcMcvjr, 

uuuuuuuuvu 


o 

• 

n 

n 


oooo^oooooe 

0M®NC90<^0MP> 

tnir®®coMr:<«® 

®®®o®oooooo 

uuouuoooooo 


I 


Table  VII-3(a)  (Concluded) 


n«o«*ooo'OCC(noooooMOo  r\ir)o**« 

««NC«ccL(n<^ooco—  cy  ^ — r> 
- fr  >c  ♦ ^ O' 

- 4 


N O O «*  l/> 

• • • • • 

r - c o o 

^ K r>  o o 

N O « 


••  <g  •-  »o 


CC(C-*»*CC««C0«C3<«VC  CDOcO(C(rflDO)C-«CO<DCO« 


V 

•« 

M 

c 

s 

o 

o 

«0 

♦ 

•4 

m 

CM 

CM 

o 

CM 

CM 

X 

CM 

tr 

<> 

4 

4 

c 

o 

CM 

X 

«« 

4 

CM 

n 

N 

M 

r> 

CM 

M 

— 

m* 

n 

m 

n 

CM 

X 

H 

o 

o 

< 

O 

o 

c 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

C 

o 

o 

o 

o 

O 

o 

o 

O 

o 

o 

o 

o 

o 

o 

O 

O 

O 

o 

o 

w 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

t 

• 

• 

• 

• 

• 

UJ 

T 

•M 

o 

o 

o 

o 

c 

o 

c 

X 

o 

ir. 

X 

X 

o 

4 

c 

o 

c 

c 

o 

o 

o 

CM 

o 

X 

o 

X 

(M 

o 

CM 

K 

CM 

s 

o 

c 

« 

s 

0- 

o 

o 

o 

CJ 

<c 

X 

wm 

IM 

X 

4 

o 

X 

CM 

o 

X 

mm 

mm 

•O 

O 

CD 

N 

K 

10 

o 

o 

M 

CM 

m 

« 

X 

« 

9 

r> 

mm 

4 

111 

M 

M 

O 

CM 

M 

s 

CD 

in 

CM 

M 

tf> 

(M 

4 

4 

o 

o 

in 

«c 

o 

e 

X 

9 

o 

c 

X 

X 

o 

O 

o 

o 

o 

•* 

X 

o 

CM 

n 

O 

mn 

4 

4 

u; 

• 

• 

« 

• 

• 

• 

• 

t 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

« 

• 

• 

• 

• 

X 

7/ 

V) 

O 

M 

•• 

4 

4 

> 

o 

X 

X 

X 

4 

X 

o 

o 

o 

W4 

CM 

9 

CM 

rt 

« 

►- 

3 

N 

o 

m* 

n 

X 

4 

4 

a 

X 

U 

m 

m» 

X 

X 

X 

•• 

Ui 

o 

o 

o 

o 

O 

o 

o 

ui 

a 

• 

• 

• 

• 

• 

• 

• 

X 

4 

CD 

00 

o 

o 

o 

mm 

K 

O 

CM 

n 

4 

CM 

«0 

r> 

c 

O 

<^ 

U) 

CM 

n 

4 

V) 

M 

4 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

o 

o 

z 

z 

N 

o 

o 

o 

o 

o 

o 

in 

N 

o 

mu 

o 

X 

o 

N 

X 

4 

o 

o 

o 

o 

o 

CM 

m 

o 

o 

o 

X 

CM 

O' 

15 

r> 

o 

N 

0) 

N 

o 

o 

« 

o 

CM 

1^ 

CM 

X 

CM 

CM 

<0 

n 

CO 

CO 

m 

N 

n 

O' 

4 

0m 

•m 

# 

u> 

M 

CM 

CM 

s 

o 

o 

N 

4 

o 

o 

o 

9 

o 

O 

CM 

W 

o 

o 

o 

o 

o 

O 

o 

o 

CM 

m 

o 

z 

UI 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

t 

• 

• 

• 

• 

• 

• 

• 

• 

• 

u 

m 

o 

m* 

4 

m 

o 

CM 

wm 

N 

CM 

o 

o 

o 

■■ 

4 

mm 

M 

X 

»- 

3 

CM 

0^ 

— 

«0 

J 

o o o o o 

• • • • • 

^ 4 9 

^ - O 


m<ONooeoooooo 


o o o o r 


VTI-ll 


TODAYS  DATE  03/03/76 
OP  INDEXtSOUApr ) 3 93-A6 
OP  iNOEXtCUBE)  « 98»99 
OR  INOEXtTOTAL  T/E)  = 9e#Sl 


CONSTRAINED  T/E  FOR  M1038  WHEN  CONSTRAINED  TO  85%  OF  AUTHORIZED  T/E  LIFT  REQUIREMENT 


I 

u >• 

L.  ^ 
lu  uj 
c ^ 


« ID 

* (t 

* 3 

* O 

U. 

s 


OOOOoOOOO 


< - 

<NJ 


o o 

• • • • 

ID  CO 


o o o 

• • • 

C\.  ID  I 


o o o o o o 
• ••••• 

c o « o ro  CD 
o Di  ^ ir 
N 


< O ID 


O LJ 
u;  O' 

u < 

o o 
hi  cr 
(K 


IDN<MMM^r>(p»o« 
M ID 


(0 

M 

o 

CO 

o 

o 

CO 

CO 

o 

< 

CO 

o 

CO 

CO 

CO 

A 

A 

A 

A 

A 

A 

A 

A 

z 

or 

u; 

»- 

H 

u 

u 

u. 

II. 

u. 

7 

"5 

3 

o 

o 

Ui 

> 

n 

DJ 

ID 

ID 

•9 

N 

(M 

ID 

N 

N 

M 

(M 

10 

A 

fO 

A 

OJ 

M 

O 

A 

O 

z 

U 

u 

(0 

CO 

s 

K 

09 

(U 

09 

09 

A 

rtrt 

M 

< 

k~ 

O 

cn 

K 

ID 

e 

C 

o 

M 

o 

o 

o 

> 

• 

• 

• 

• 

o 

o 

o 

o 

o 

o 

e 

o 

o 

o 

o 

O 

O 

o 

o 

o 

O 

o 

O 

o 

o 

O 

o 

O 

o 

O 

o 

O 

M 

M 

•D 

N 

J- 

• 

9 

• 

• 

« 

• 

• 

• 

9 

9 

• 

9 

• 

• 

9 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

ID 

O 

n 

UJ 

z 

0* 

09 

o 

o 

o 

o 

M 

ID 

'C 

o 

sO 

ID 

o 

(U 

o 

o 

o 

o 

10 

A 

o 

o 

o 

o 

o 

o 

CO 

•D 

< 

o 

s 

o 

ID 

09 

♦ 

r> 

o 

< 

O' 

M 

ID 

M 

c 

< 

n 

o 

9> 

K 

ID 

o 

O 

A 

<0 

< 

art 

A 

< 

UJ 

10 

ID 

K 

09 

o 

<Vl 

n 

c\; 

art 

i*> 

n 

10 

o 

fO 

A 

art 

K 

09 

09 

z 

< 

•« 

UI 

CD 

ID 

ID 

art 

A 

M 

J 

9 

a 

u 

a 

or 

< 

ID 

o 

CO 

o 

z 

• 

M 

M 

o 

o 

o 

o 

o 

o 

O 

o 

O 

C 

o 

O 

c 

o 

o 

e 

O 

e 

o 

O 

e 

o 

o 

c 

a 

• 

Ui 

u 

UJ 

u 

UJ 

UJ 

• 

9 

• 

* 

• 

• 

9 

• 

9 

• 

9 

• 

• 

9 

• 

• 

• 

* 

« 

• 

t 

• 

• 

• 

9 

z 

> 

s 

a 

s 

a 

N 

s 

ID 

O' 

o 

M 

ID 

09 

ID 

ID 

09 

CD 

N 

09 

ID 

N 

o 

o 

O 

n 

A 

o 

A 

a 

H 

3 

fO 

(\J 

09 

CM 

09 

o 

M 

« 

A 

art 

(A 

ID 

ID 

u 

N 

j 

cn 

o 

• 

o 

9 

< 

< 

u> 

(U 

UJ 

N 

J 

z 

c^ 

z 

a 

u 

<0 

CO 

< 

M 

o 

M 

o 

UJ 

o 

o 

O 

OD 

a 

J 

»- 

J 

>- 

UJ 

tr 

• 

• 

• 

o 

m 

s 

V 

< 

o 

N 

o 

> 

u. 

3 

o 

3 

c 

h 

3 

(SJ 

(V 

or 

a 

iii 

a 

UJ 

O 

09 

art 

09 

►- 

Ui 

z 

z 

CO 

z 

V 

u 

u. 

M 

< 

o 

< 

o 

< 

IL 

(t 

a 

Z 

UI 

UI 

UJ 

►- 

O 

o 

o 

o 

o 

O 

o 

o 

o 

o 

O 

o 

O 

o 

o 

O 

o 

o 

O 

o 

O 

o 

o 

O 

o 

o 

o 

O 

o 

CD 

a 

ID 

• 

• 

t 

• 

• 

• 

• 

• 

9 

• 

• 

• 

• 

9 

9 

• 

• 

• 

• 

• 

9 

• 

• 

• 

• 

• 

• 

« 

< 

3 

z 

< 

Z 

Z 

X 

0> 

o 

o 

CM 

(U 

n 

N 

o 

fO 

to 

CM 

•0 

o 

ID 

ID 

o 

09 

o 

■o 

o 

o 

A 

A 

A 

u 

o 

3 

o 

UJ 

o 

iD 

N 

mt 

o 

M 

ID 

09 

o 

fU 

ID 

o 

ro 

N 

o 

ro 

(VI 

N 

N 

A 

N 

or 

u 

o 

1^ 

H 

M 

■H 

M 

09 

ID 

ID 

09 

art 

fO 

3 

<0 

►* 

UJ 

♦ 

CM 

(U 

10 

U 

» 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

O 

O 

O 

O 

Z 

UJ 

• 

• 

• 

• 

• 

• 

• 

• 

9 

• 

• 

• 

• 

t 

• 

• 

• 

9 

• 

• 

• 

• 

• 

9 

• 

lii  O 
►-  D 


UJ 

z a 
Ui  < 
»-  D 
•-  O 
10 


O o ® CO  ^ 
ID 
fO 


o •• 


A 

o 

A 

O 

A 

o 

o 

o 

CM 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

O 

o 

CM 

O 

O 

O 

o 

A 

N 

IV 

o 

art 

o 

CM 

A 

# 

A 

CM 

N 

ro 

o 

o 

(M 

A 

art 

CM 

A 

A 

A 

o 

A 

O 

o 

M 

10 

n 

« 

K 

A 

0 

art 

CM 

CM 

« 

A 

N 

A 

o 

0 

o 

O 

o 

c 

o 

c 

art 

rtrt 

A 

o 

o 

O 

O 

o 

o 

O 

o 

o 

art 

art 

09 

art 

art 

art 

art 

art 

art 

art 

art 

CM 

CM 

(V 

<M 

CM 

IM 

OJ 

CM 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

4 

< 

VII-12 


Table  VII -3(b)  (Continued) 


U > 
^ u 
tL  Z 

u.  ilj 

C - 


I/) 

O 


* IL 

# e 

« D 
« u 

U: 

N 


oooooooc  o««oco(vj  (Do<r.  r^*«inoir<«a)oir>^on«£>«ca)a(v(DOh-9'0 


IT) 


r;  N rt/  »• 

- r.  K 

r\i 


0 ^ c>i  ^ ^ h-  n)  n 
^ \r  iP 

a 

ff 


o u 

uj  or 

u < 

o o 


IT 


D'OC'-occcoccrtnc  ocoo*«^c 

«<h>0'cc.to^^ooo—  <Vrf  «»-cvi  n 
-•  r.  tc  e ^ a 
— < 


o:  ^ (C  < cc 

fn  N <v  c >c 

K O'  ^ o 


— — — 

^ rg  M *0 


JT—  'VirgOfMAjiDN  cc  <0O<VCC^«tf\J»-»n 

— ^^rir;  •«  ro  r>(\i 


(MM(\iC^occs>f->«^cC'«(0«ccflooco3}a)cccoeooeo*^(rccco4rj(vj 

«,«.«tB^,sco'r<  — in  — wc\iOf\jc;ir>fvj  «d»o  ^ ^ofgrc  — ^<\j  — n 

— n CM  n — — m new 

OOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOO 

<w-*ooooooocoineD^'Oo^ocooooo<wocoo?fwofwN 
n O'iCCO'Ooocw—  'CO—  fwcn^o'C  Kcg  >o>on—  — 

S)o:r\jN-triOo«"  ^:n<®'OC^  n — 

— — o f j — N ® n 

— »n  fw  ^ 


n»oo»*c®c“ocfftrcoooo 


<<No>cc'in^‘Cooo 

— n ® ^ ^ 0 


o o o o o 
« • • • • 

o — ® o o 
N n « <w 
C a tn  eg 


ooooooo  ooooooooooooooooooooooooo 

NMOOoooQfnNo  — ®KCONin«oooooM*«rno®®incwa 
no>K«^-oo  — ®ON'«(Minnj  evi®  n 

OKin^n^#  — -<  < 

— ••  NS  N 


•«^ooo<9'OoNnoooooooo 


— # QonN-«cgcwooo 

- <0 


• ® 

O O « M 


N II  O'  UJ 
O V 

N II  K 
Uj 


O o o o o 


o •«  < o 
« N n •«  ® 


iTinoooooooooooocNoocoom'Csooooooooo 
N<OS^>(WO<OC9®  — n<7‘N<>ONC'00<n®®®«'0®'0'00<on 
sss®»o  — — OC  — (MNfWnCC^^OO--  — — — NN^insc^ao 

OOOOO  — — — OOOOOOOOOOO-*'*-^*^*^***^-****^  — 

ooooconou.'(uuiuujutiiuiujujaiiiiujuiiuiiiiuuiujuiuiuiujuiu 


D C s 
UJ  C D C 
S (/)  O »- 

< w w w 

o X X X 
UJ  lU  UJ 
lA  Q Q o 
>-  2 Z Z 

< - - - 
o 

o a a a 

s o o o 


VII-15 


CONSTRAINED  T/E  FOR  M1038  WHEN  CONSTRAINED  TO  75%  OF  AUTHORIZED  T/E  LIFT  REQUIREMENT 
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Table  VII-3(c)  (Concluded) 
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T/E  ITEM  DEFICIENCIES  OF  M1038  WHEN  CONSTRAINED  TO  90%,  85% 


aid  is  the  computational  power  of  the  computer,  leaving  the  staff  plan-  | 

ner  free  to  apply  judgmental  considerations  to  accurately  presented  data,  i 

This  action  can  also  be  done  at  any  command  level,  from  the  company/ 
battery  to  any  higher  level  staff  having  access  to  the  computer  system 
supporting  GALAS. 

For  the  sample  unit  T/Es  of  Table  VII-3,  a value  of  85  percent 
is  selected  as  the  acceptable  constraint  level.  For  this  level  a 29 
percent  short  fall  still  exists.  This  means  that  the  exercise  of  other 

i 

options  within  GALAS  is  now  required.  j 

i 

Table  VII-3a,  b,  c,  d illustrates  the  information  the  opera-  j 

tional  planner  obtained  from  the  output  listings  of  the  GONTEAM  Program  I 

to  assist  him  in  making  the  decision  as  to  "what"  and  "how  much"  equip- 
ment can  be  safely  removed  from  a unit's  T/E  but  still  leave  the  unit 
operationally  viable.  The  heading  of  the  output  lists  the  unit  and  its 
description,  plus  the  percentage  and  amount  the  unit  is  being  constrained 
in  both  bulk  and  square.  The  body  of  the  listings  itemizes  each  item  of 
equipment  in  the  unit's  authorized  T/E.  For  each  T/E  item,  the  square, 
cube,  weight,  T/E  quantity,  and  criticality  is  printed.  Next  to  the 
authorized  T/E  quantity  is  the  reduced  quantity  and  item  deficiency 
obtained  after  exercising  the  model  with  the  applied  constraint  value  in 
the  heading.  Totals  are  given  for  the  square,  cube,  and  weight  of  the 
unit,  both  before  and  after  the  unit  is  constrained.  At  the  bottom  of 
each  listing  are  three  operational  readiness  indices  that  indicate  the 
degree  the  elimination  of  T/E  items  has  reduced  the  unit's  operational 
readiness- -as  far  as  square  items,  cube  items,  and  the  combination  of 
both  square  and  cube  items  are  concerned.  The  reader  may  want  to  refer 
to  Appendix  F for  a detailed  explanation  of  the  rationale  and  mathematics 
of  the  GONTEAM  model  and  operational  readiness  index.  By  referring  to 
Appendix  G,  Part  4,  he  may  obtain  a more  detailed  explanation  of  GONTEAM' s 


output. 


VII-21 


At  this  point  the  reader  should  be  reminded  that  in  assigning 
criticalities,  the  importance  of  an  item  of  equipment  to  a unit's  mission 
can  be  derived  by  relating  its  usage  to  a specific  function  of  that  unit 
and,  in  turn,  determining  the  relative  importance  of  the  specific  func- 
tions to  the  unit's  combat  mission.  M1038  has  primary  functions  of 
infantry  combat/small  arms  employment,  mobility,  and  communications; 
secondary  functions  of  intelligence,  demolition/obstacle  clearance,  med- 
ical, air  support  control,  power  generation,  and  comm/elect  maintenance; 
and  tertiary  functions  of  supply,  maintenance  (except  comm/elect)  and 
service  support.  Any  T/E  item  that  supports  Ml038's  primary  function  was 
assigned  a criticality  of  8.  Criticalities  of  4 and  2 were  assigned  to 
those  items  that  supported  Ml038's  secondary  and  tertiary  functions.  If 
the  T/E  item  did  not  serve  either  the  unit's  primary,  secondary,  or 
tertiary  function,  it  was  given  a criticality  of  1.  Examples  of  the 
criticality  assignment  can  be  seen  by  again  referring  to  Table  VII -3. 

TAM  A0005,  a radio  set  accessory  kit,  serves  one  of  M1038's  primary 
functions,  communications,  and,  therefore,  has  a criticality  of  8. 

A0710,  a generator  signal,  serves  the  secondary  function  of  comm/elect 
maintenance  and  has  a criticality  of  4. 

When  the  planner  is  confronted  with  the  reality  that  he  lacks 
the  lift  capacity  to  carry  a unit's,  such  as  M1038,  entire  authorized  T/E 
in  the  assault  echelon  shipping,  he  may  consult  a series  of  constrained 
T/E  tables  for  that  unit  which  itemizes  the  equipment  to  be  left  out  of 
the  AE  lift  for  each  constraint.  Table  VlI-3  depicts  the  items  of 
equipment  that  would  be  omitted  from  the  load  list  of  M1038  under  con- 
straints of  90,  85,  and  75  percent.  Because  of  the  weighting  factors 
applied  to  each  assault  echelon  unit,  explained  earlier,  the  true  con- 
straints for  M1038  are  95,  92.5,  and  87.5  percent. 
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Table  VII-3d  summarizes  the  numbers  of  each  T/E  item  that 


would  be  eliminated  from  the  complete  T/E  of  unit  M1038,  as  determined 
by  CONTEAM  for  the  various  constraints.  By  reviewing  such  a table  of 
deleted  equipment,  the  planner  is  better  able  to  determine  the  maximum 
constraint  acceptable  for  a unit  when  it  is  forced  to  reduce  its  normal 
T/E.  The  planner  is  also  in  the  position  to  make  manual  adjustments  in 
the  constrained  T/E  if  he  deems  it  necessary.  Suppose,  for  example,  he 
observes  that  one  E1480,  a 106mm  rifle,  is  omitted  from  the  load  list 
of  M1038  when  it  is  constrained  to  75  percent  of  full  strength.  Further, 
assume  he  determines  the  omission  of  this  item  to  be  unacceptable.  It 
is  perfectly  permissible  for  him  to  include  this  item  in  the  final  load 
list,  but  only  after  he  has  eliminated  one  or  more  square  loaded  items 
of  comparable  square.  He  may  adjust  the  final  constrained  T/E  by  hand, 
or  he  may  assign  artificially  high  criticalities  to  those  items  he  wishes 
to  force  into  the  final  load  list  and  then  rerun  CONTEAM. 

Careful  examination  of  Table  VII -3  results  in  the  following 
general  characteristics  of  the  CONTEAM  Model.  For  TAM  items  that  occur 
in  a unit's  T/E  with  authorized  quantities  of  1 to  20,  the  program  will 
include  TAMs  with  the  highest  criticality  and  exclude  TAMs  with  the  next- 
to-highest  criticality  when  the  constraint  amounts  to  65-75  percent  of 
the  space  required  to  load  the  unit's  full  strength  T/E.  Of  the  TAMs 
with  low  criticality,  the  bulky  ones  will  be  excluded,  but  usually  only 
in  part.  Nonpriority  TAMs  may  be  completely  excluded  from  the  constrained 
T/E. 

For  items  that  appear  in  the  unit's  T/E  with  authorized  quanti- 
ties of  40-1200,  the  model  will  exclude  some  portion  of  the  full  T/E 
quantity  in  almost  every  case--even  for  the  highest  criticality  items. 

This  is  purely  a function  of  CONTEAM's  algorithm  as  it  begins  to  favor 
the  first  units  of  low  priority  items  over,  say,  the  100th  unit  of  a 
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I 


higher  priority  item.  Again,  experience  shows  these  results  to  be  use- 
ful; however,  the  model  can  be  modified  if  the  planner  feels  this  is 
necessary. 

Each  unit  in  the  assault  echelon  is  submitted  to  constraints 
similar  to  those  applied  to  M1038,  and  a unit-by-unit  inspection  of  the 
tentative,  constrained  T/Es  is  made.  Finally,  after  each  unit's  T/E  is 
stripped  of  the  items  of  equipment  the  planner  determines  can  be  left 
out  of  the  assault  echelon,  he  is  in  the  position  to  determine  if  his 
constrained  force  is  within  his  lift  capacity. 

The  CCF  model  also  prints  a table  of  constrained  cargo  values 
for  bulk  and  square  loaded  items  for  each  unit  and  a table  of  factored 
cargo  categories  found  in  Appendix  C.  These  tables  are  useful  wlien 
evaluating  the  effects  on  unit  T/Es  from  applying  constraints.  The 
tables  should  be  used  when  evaluating  the  constrained  T/E  of  Table  VII-3. 
As  an  example  of  the  information  contained  in  Appendix  C,  Table  Vll-4(a) 
contains  three  units,  showing  the  part  of  bulk  cargo  that  is  T/E  and  the 

Table  VII-4(a) 

CONSTRAINED  CUBE  FOR  CLASSES 
IIW  AND  VIIW  NONSQUARE  AND  VIIW  SQUARE 
(T/E  Categories  Only) 


Constraint 

= .75 

Unit 

Weighted 

Code 

Constrained 

Bulk 

Bulk 

Cons  trained’' 
Square 

Square 

B 

1 

515 

589 

3908 

1 

321 

367 

20322 

Bl 

3 

33 

53 

1380 

■■ 

These  values  include  square  mountout. 


J 
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Table  VII -4(b) 


reduced  measurement  tons  of  the  T/E  from  applying  the  constraint  (CON 
BULK).  The  T/E  for  square  loaded  items  in  square  feet  is  also  shown, 
with  the  reduced  T/E  square  feet  also  from  applying  the  constraint. 

These  figures  represent  the  amount  of  a unit's  T/E  to  be  loaded  and  the 
constrained  allotted  space  available  for  loading  provided  by  the  weighted 
constraint.  Table  VII-4(a)  also  shows  the  weighted  constraint  code  used 
by  the  model  to  compute  the  materiel  reduction.  Table  VII-4(b)  shows 
additional  cargo  categories  factored  from  the  totals.  It  should  be 
remembered  that  the  cargo  is  composed  of  T/E  and  mountout.  Using  the 
list  of  items  deleted  from  the  T/E  accounting  for  the  reduced  amount  of 
T/E  contained  in  Table  VII-3,  an  evaluation  can  be  made  of  the  accept- 
ability of  a given  constraint  on  the  reduced  T/E  of  a unit. 

5 . Varying  the  Mountout 

The  next  option  to  be  exercised  in  finding  the  solution  to 
the  constrained  loading  problem  is  to  change  the  DOS  for  the  mountout 
carried  by  the  AE.  Since  the  run  parameters  for  the  MAGTF  data  were 
15  DOS  for  the  AE,  a change  to  10  DOS  will  be  tried  to  determine  the 
significance  of  the  reduction  in  lift  short  fall.  Table  VII-5  presents 
the  CCF  Model  results  from  this  change.  It  is  noted  that  the  uncon- 
strained short  fall  from  this  option  is  32  percent,  indicating  that  a 
5 DOS  reduction  in  mountout  permitted  total  loading  to  occur  at  76.5 
percent  constraint  instead  of  at  70.8  percent  for  15  DOS.  Graphical 
results  are  found  in  Figure  VlI-3.  Here  again,  the  planner  consults 
Table  VII-3  to  evaluate  the  T/E  reduction  occurring  at  77  percent,  when 
constrained  loading  is  indicated,  along  with  the  desirability  of  limiting 
accompanying  supplies  to  10  DOS  for  the  AE. 
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FIGURE  VII- 3.  WEIGHTED  CONSTRAINED  UNIT  LOADING  VERSUS  PERCENT  SHORT  FALL  FOR  AE  UNITS 
USING  10  DOS  MOUNTOUT 


Table  VII -5 


1>EIGHTED  CONSTRAINED  UNIT  LOADING 
VS  PERCENT  SHORT  FALL 


1 Percent 

Short  Fall* 

Constraint^ 

32% 

100% 

29 

90 

20 

85 

8 

80 

0 

77 

*>v 

The  short  fall  is  for  bulk 
cargo  since  square  cargo  is 
loaded  at  about  88  percent 
permitting  reallocating  square 
space  to  bulk, 
t 

Constraints  are  weighted 
according  to  unit's  mission  as 
explained  in  Section  VI. 


C.  Changing  the  Force  Structure 

The  next  option  available  to  the  staff  planner  is  the  elimination 
of  certain  units  and  their  functions  from  the  AE  troop  list.  Those 
eliminated  units  would,  of  course,  be  embarked  in  AFOE  support  shipping. 
It  must  be  emphasized  that  the  option  to  eliminate  certain  units  would 
exist  if  the  actual  mission  and  expected  tactical  situation  permits  such 
action.  In  the  analysis  of  the  notional  MAF  deployment  without  the 
effects  of  a tactical  situation,  certain  units  are  eliminated  to  show 
tradeoffs  between  reduced  total  lift  requirements  and  a reduced  amount 
of  materiel  eliminated  from  the  included  units.  In  other  words,  an 
evaluation  must  be  made  of  the  relative  advantages  to  be  gained  from 
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eliminating  whole  units,  thus  changing  the  force  structure  and  decreasing 
the  materiel  eliminated  from  remaining  units  as  opposed  to  greater  reduc- 
tions from  all  original  units  and  a possible  change  in  the  amount  of 
accompanying  supplies. 

The  units  chosen  for  elimination  are  listed  in  Table  VII-6.  ITiese 
units  are  characterized  by  the  possibility  that  their  deployment  ashore 
may  not  be  required  for  a sufficient  period  of  time  to  permit  their  being 
embarked  and  unloaded  from  the  AFOE  support  ships.  The  action  to  remove 
units  from  the  AE  troop  list  and  include  them  in  the  AFOE  constitutes  the 
phasing  of  units  or  detachments  into  the  objective  area  at  a later  time-- 
after  unloading  of  AFOE  units  begins.  Since  there  is  some  risk  that  the 
eliminated  units  may  be  required  ashore  before,  say  D+5,  the  factors 
affecting  the  earliest  unloading  times  for  the  AFOE  are  revelant  to  the 
study.  Analysis  of  unloading  assault  shipping  and  the  beach  support  and 
cargo  handling  problems  ashore  were  therefore  included  in  the  study. 
Results  from  this  analysis  and  the  practicality  of  phasing  ashore  certain 
original  AE  units  from  AFOE  support  ships  will  be  presented  in  later  sub- 
sections . 

1 . Third  and  Fourth  Echelon  Maintenance  Elimination 

Possible  candidates  for  phased  entry  into  the  objective  area 
are  the  units  and  detachments  of  the  maintenance  battalion,  FSSG.  Instead 
of  deploying  these  organizations  ashore  from  assault  shipping,  two  mainte- 
nance contact  teams  for  each  area  of  maintenance,  i.e.,  engineer,  motor 
transport,  ordnance,  communication/electronics,  are  included  in  the 
assault  echelon.  Each  contact  team  would  consist  of  one  vehicle  and  two 
experienced  technicians  with  the  necessary  equipment  and  some  highly 
demanded  repair  parts.  Repair  of  equipment  would  be  generally  restricted 
to  component  replacement.  The  maintenance  concept  for  the  FSSG  provides 
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Table  VII- 


for  contact  teams  as  a part  of  normal  maintenance  procedures.  Additional 
personnel  from  the  maintenance  battalion  would  be  required  to  coordinate 
the  preliminary  maintenance  effort.  The  landing  force  supply  of  the  AF. 
includes  a large  pool  of  operationally  ready  float  items  and  secondary 

reparables  for  replacement  of  "wash  out"  end  items  and  components.  In  ! 

effect,  this  option  provides  for  a minimum  size  detachment  from  mainte- 
nance battalion  to  conduct  emergency  repairs  and  end  item  replacement 
during  the  period  from  D-Day  to  about  D+3  to  D+7  when  the  MAF  maintenance 
organizations  are  unloaded  and  put  into  operation.  The  time  phased  deploy- 
ment of  maintenance  unit  increments  are  dependent  on  the  timing  of  the 

j 

unloading  of  assault  shipping.  As  stated,  a discussion  of  this  problem  i 

is  presented  later.  | 

The  tradeoff  in  lift  requirements  is  presented  in  Table  VII-7. 

The  reduction  in  square  loading  requirements  will  have  a significant 

impact  on  overall  lift  requirements  when  combined  with  the  other  options  j 

to  be  discussed  for  AE  troop  list  modification.  These  results,  of  course,  j 

are  for  a notional  MAF  structure  without  the  specification  of  a mission. 

The  reduction  in  lift  obtained  in  this  analysis  demonstrates  how  incremen- 
tal phasing  of  units  into  the  objective  area  reduces  lift  requirements 
for  the  AE  embarked  in  assault  shipping,  permitting  minimum  support  levels 

for  committed  units  during  a short  period  of  time.  A specific  mission  and  | 

scheme  of  maneuver  ashore  in  an  actual  operation  will,  of  course,  dictate 

the  bounds  on  tailored  maintenance  detachments  which  are  included  in  the  I 

AE  and  phased  ashore  from  the  AFOE  at  some  later  time. 

I 

2.  Motor  Transport  Functions  | 

i 

The  greatest  demand  for  square  loaded  space  in  assault  ships  is  | 

derived  from  the  number  of  vehicles  embarked.  Motor  transport  assets  | 

provide  tactical  mobility  for  combat  units,  mobility  for  unit  cargo,  j 
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Table  VII-7 


AMPHIBIOUS  LIFT  TRADEOFF  FROM  SUBSTITUTING  MAINTENANCE 
CONTACT  TEAMS  FOR  MAINTENANCE  UNITS  IN  THE  aE 


Unit 

Bulk/MT 

Square 

M3223X 

571 

11276 

M3243X 

814 

7131 

M3233F 

43 

1455 

M3247F 

127 

1975 

M3253X 

210 

2741 

Total 

1765 

24578 

8 Contact  teams* 

1480 

Net  lift  reduction 

1765 
1.  .. 

23098 

Contact  team  materiel  is  mobile  loaded  in 
one  vehicle  per  team. 


supply  point  distribution  capability  for  artillery  and  tank  units,  and 
logistic  mobility  in  support  of  the  development  of  beach  support  (BSA)  and 
logistic  support  areas  (LSA)  ashore.  In  the  area  of  constrained  amphib- 
ious lift  assets,  excess  motor  transport  included  in  embarked  materiel 
cannot  be  tolerated.  Therefore,  careful  planning  must  be  exercised  when 
preparing  a troop  list  for  an  actual  operation  to  include  only  those 
motor  transport  assets  that  must  be  landed  from  assault  shipping.  In- 
cremental phasing  of  excess  vehicles  or  detachments  of  motor  transport 
units  into  the  objective  area  via  the  AFOE  after  considering  time  delays 
constitutes  this  alternative  course  of  action.  A major  consideration  is 
the  expected  time  when  sufficient  terrain  in  the  objective  area  is 
controlled  to  permit  the  utiliiatlon  of  vehicles  ashore  to  any  great 
degree. 
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An  analysis^  of  the  number  of  vehicles  required  to  conduct 
beach  clearing  operations  sufficient  to  prevent  congestion  in  the  beach 
support  area  and  to  permit  movement  of  materiel  smoothly  from  the  BSA  to 
the  LSA  provides  the  source  for  determining  the  minimum  number  of  vehicles 
for  this  function.  Table  VII-8  lists  these  vehicle  quantities. 


Table  VII-8 

EQUIPMENT  NECESSARY  TO  SUPPORT 
BEACH  CARGO  HANDLING  FUNCTION 


Equipment 

Quantity 

Rough  terrain  forklift 

20 

Beach  crane 

6 

2%-ton  truck 

182 

5 -ton  truck 

48 

12- ton  semi 

20 

Total  5-ton  equivalents 

179 

When  comparing  the  quantities  of  Table  VII-8  to  the  vehicles 
in  the  CSS  units  of  the  AE,  a sufficient  number  of  vehicles  and  forklifts 
were  included.  Table  VII-9  shows  these  quantities.  Since  many  of  these 
vehicles  are  not  part  of  a motor  transport  organization,  their  use  in  the 
logistics  mobility  function  must  be  assumed  for  at  least  three  days. 

The  CSS  structure  and  its  detachments  have  been  designed  at 
minimum  support  levels,  indicated  by  the  values  in  Table  VII-9.  No 
reduction  in  these  vehicles  by  units  was  indicated.  In  fact,  a shortage 
of  fourteen  5-ton  equivalents  is  observed.  The  remaining  vehicles  may 
also  be  obtained  from  other  units  temporarily  to  keep  the  total  number 
of  vehicles  embarked  in  the  AE  at  a minimum.  IJhen  AFOE  units  begin  to 
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LOGISTIC  SUPPORT  VEHICLES  AE 


Equipment 

Quantity 

Forklifts 

41 

2^-ton  trucks 

184 

5- ton  trucks 

72 

12 -ton  semi 

1 

Total  5-ton  equivalents 

165 

land,  a sufficient  number  of  vehicles  are  included  in  the  CSS  structure® 
to  perform  all  missions.  The  scenario  for  this  study  included  the  land- 
ing of  two  RLTs  by  helicopter.  Because  of  this,  a total  of  five  CH-46 
squadrons  are  embarked  in  assault  shipping.  These  helicopters  will  also 
be  available  to  provide  some  tactical  and  logistical  mobility  to  the  AE 
after  the  lift  of  assault  troops  is  completed,  and  before  the  landing  of 
additional  motor  transport  assets.  Here  again,  the  existence  of  a 
mission  and  tactical  situation  will  prescribe  tailored  motor  transport 
detachments.  As  a matter  of  interest,  the  original  notional  MAP  AE  had 
483  5-ton  equivalents  in  vehicles  from  all  units. 

3.  The  Force  Engineer  Function 

Force  engineer  units  have  been  included  in  the  AE  troop  list 
of  the  CSS  notional  MAF.  In  addition,  the  Division  Support  Group  has  an 
engineer  battalion  performing  the  combat  engineer  function,  and  the  Naval 
Beach  Group  has  the  Naval  Amphibious  Construction  Battalion  for  engineer 
operations  in  the  beach  areas.  Under  certain  circumstances,  force 
engineer  units  may  be  phased  into  the  objective  area  from  the  AFOE  with- 
out loss  of  any  combat  capability  to  the  AE.  The  tradeoff  in  reduced 
lift  requirements  is  shown  in  Table  VIl-10. 
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Table  VII -10 

AMPHIBIOUS  LIFT  TRADEOFF  FROM  PHASING  FORCE 
ENGINEER  UNITS  INTO  THE  AOA  FROM  AFOE  SUPPORT  SHIPS 


Unit 

Bulk/MT 

Square 

1 M0305F 

212 

11914 

1 M0307F 

24 

571 

1 M375IX 

2220 

7847 

2 M3753X 

1602 

17768 

Total 

4058 

38100 

Phasing  these  units  into  the  objective  area  at  a later  time 
provides  a significant  reduction  in  lift  requirements  for  the  AE. 

4.  The  Combat  Support  Function 

Certain  combat  support  functions  provided  by  units  included  in 
the  AE  may  also  be  candidates  for  phased  deployment  into  the  objective 
area.  The  units  selected  for  phased  deployment  are  listed  in  Table  VII-11. 

Table  VII-11 

COMBAT  SUPPORT  UNITS  SELECTED  FOR  PHASED  DEPLOYMENT 


Unit 

MT 

Square 

M4226 

677 

8661 

M4201 

67 

2019 

M4193 

417 

10497 

M8621X 

115 

4831 

Total 

1276 

26008 

i 
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Phasing  these  units  provides  another  significant  reduction  in 
the  lift  requirements  of  the  AE. 

Most  of  these  reductions  constitute  the  field  artillery  group 
(FAG)  with  one  175mm  gun  battery.  Two  general  support  batteries  were 
included  with  the  AE,  i.e.,  one  8"  howitzer  battery  and  one  175mm  gun 
battery.  The  division  artillery  regiment  also  includes  three  155mm 
howitzer  batteries.  Limited  naval  gunfire  ships  and  the  planned  close 
air  support  serve  as  other  means  of  fire  support  for  the  landing  force. 

The  mission  and  tactical  situation  will  provide  the  deciding  factors  for 
phasing  the  FAG  units  into  the  objective  area. 

In  the  case  of  the  light  antiaircraft  missile  battery,  deploy- 
ment tactics  generally  prohibit  one  battery  deployed  alone  without  the 
usual  control  agencies  from  the  tactical  air  control  system.  The  degree 
of  air  defense  added  by  including  one  battery  is  generally  not  significant. 
Many  arguments  for  and  against,  including  the  battery  in  the  AE,  could  be 
advanced.  The  tradeoff  in  lift  requirements  is  evident  from  Table  VlI-11. 

5.  The  Aviation  CSS  Units 

Certain  aviation  units  are  present  in  the  AE  to  be  landed 
for  the  purpose  of  operating  a Short  Air  Field  for  Tactical  Support 
(SATS) , or  expeditionary  airfield.  Other  units  provide  intermediate 
level  maintenance  when  operating  ashore  to  the  aircraft  squadrons  ini- 
tially embarked  in  the  LPAs  or  LHAs.  Current  Marine  Corps  policy,  as 
well  as  the  assault  shipping  short  fall,  prohibits  loading  SATS  equipment 
in  assault  shipping.  The  units  providing  intermediate  level  maintenance 
do  not  perform  their  primary  function  while  embarked  in  assault  shipping 
since  all  the  AE  aircraft  operate  from  the  LPHs  and  LHAs.  The  possibility 
exists  for  phasing  the  units  in  Table  VII-12  into  the  objective  area  from 
AFOE  support  ships  without  loss  of  operational  capability  to  the  AE. 
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Table  VII -12 

AVIATION  CSS  UNITS  SELECTED  FOR  PHASED  DEPLOYMENT 


Unit 

MT 

Square 

2 M8914X 

360 

9602 

2 M8821 

174 

4362 

2 M8921 

6476 

34474 

Total 

7010 

48438 

The  tradeoffs  in  reduced  amphibious  lift  requirements  from 
phasing  the  units  in  Table  VII-12  are  very  significant. 

6.  The  Effect  of  Incremental  Phasing  of  Units 
Into  the  Objective  Area 

The  tradeoff  in  lift  requirements  from  phasing  units  ashore 
from  AFOE  support  ships  in  the  preceding  section  is  presented  in 
Figure  VII-4.  The  curve  in  this  graph  indicates  a reduction  in  total 
lift  requirements  which  are  from  77,624  to  63,704  measurement  tons,  and 
from  786,926  to  654,815  square  feet.  Tlie  percent  short  fall  in  loading 
assault  shipping  is  reduced  from  39  to  9 percent.  A weighted  constraint 
of  93  percent  enables  loading  of  the  AE. 

While  the  extent  of  phasing  certain  units  and  their  functions 
ashore  from  the  AFOE  support  ships,  presented  here,  may  be  greater  than 
would  be  acceptable  under  an  actual  operational  commitment,  the  dramatic 
effect  in  reduced  lift  requirements  of  removing  these  units  from  the  AE 
troop  list  is  inescapable.  Figure  VII-5  compares  the  curve  of  the  CSS 
notional  MAF  AE  constrained  loading  analysis,  from  Figure  VlI-1,  with 
the  reduced  AE  force  structure  of  Figure  VIl-4.  The  effect  of  any 
variations  considered  acceptable  to  the  commander  and  his  staff  in  the 
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FIGURE  VII-4.  WEIGHTED  CONSTRAINED  UNIT  LOADING  VERSUS  PERCENT  SHORT  FALL  FOR 
REDUCED  AE  FORCE  STRUCTURE 


force  structure  can  be  visualized  from  the  two  curves  of  Figure  VII-5. 

The  combinations  of  changing  the  troop  list,  the  DOS  of  mountout,  and  an 
acceptable  constraint  level  provide  the  procedure  for  solving  the  con- 
strained amphibious  lift  problem.  With  a change  in  the  scenario  to 
include  airlift,  an  additional  curve  may  be  constructed  on  the  same 
graph  as  Figure  VII-5  to  indicate  that  effect  on  the  constrained  loading 
problem. 

D.  The  Timing  Problem  in  Phasing  Materiel 

Into  the  Amphibious  Objective  Area 

The  time  when  ships  carrying  the  AFOE  should  arrive  in  the  objective 
area  would  be  dependent  on  the  unloading  rate  of  assault  shipping,  which, 
in  turn,  permits  unloaded  ships  to  depart,  limiting  the  number  of  ships 
in  the  area.  Two  additional  considerations  are  the  ability  of  organiza- 
tions controlling  the  beach  to  keep  cargo  moving  into  logistic  support 
areas  without  congestion,  and  the  availability  of  Navy  crews  to  unload 
common  user  sealift  ships. 

The  MMROP  states  that  a number  of  AFOE  support  ships  will  arrive  in 
the  objective  area  on  D-Day,  with  the  remainder  arriving  by  D+5.  It  has 
been  previously  noted  that  the  unloading  rate  of  assault  ships,  to  a 
large  degree,  controls  the  timing  factor  of  how  long  after  D-Day  AE 
troop  units  and  detachments  phasing  ashore  from  the  AFOE  will  be  landed. 
Therefore,  an  analysis  of  the  problems  of  unloading  assault  shipping 
becomes  relevant  to  the  constrained  amphibious  lift  problem. 

1.  The  GAMUT  Simulation 

SRI  has  conducted  a number  of  studies  of  amphibious  assault 
landing  craft  for  the  Naval  Ship  Systems  Command^ . The  analytical  sup- 
port for  these  studies  was  provided  by  a computer  simulation  model  called 
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GAMUT.  This  model,  "...simulates  all  of  the  principal  actions  in  an 
amphibious  assault,  icluding  the  activities  of  LVTs,  landing  craft, 
helicopters,  and  ships.  It  assesses  attrition,  monitors  the  status  of 
off  loading  and  of  delivery  to  the  shore,  and  collects  statistics  useful 
in  analysis"^.  One  of  the  outputs  from  GAMUT  needed  in  this  study  are 
the  offloading  rates  of  amphibious  assault  ships.  In  order  to  add  the 
additional  dimension  of  timing  to  the  phasing  of  units  into  the  objective 
area  from  the  AFOE,  GAMUT  runs  were  made  using  MAGTF  lift  data  in  order 
to  compute  the  unloading  rates  for  the  assault  ship  types  used  in  this 
analysis.  Runs  were  made  using  conventional  landing  craft  with  standoff 
distances  of  5 and  25  nautical  miles  (nmi) , and  with  advanced  landing 
craft  using  a 25-nmi  standoff  distance.  Table  VII-13(a)  lists  the  input 
parameters  for  runs  1 and  2 for  conventional  landing  craft.  Table 
VII-13(b)  lists  the  input  parameters  for  run  3 using  advanced  landing 
craft. 

2 . Simulated  Results 

Results  from  runs  1 and  3 are  contained  in  Tables  VII -14  and 
VII-15.  The  rates  for  only  run  2,  using  conventional  landing  craft  at 
a 5-nmi  standoff  distance,  are  listed  in  Table  VII- 16.  At  a 25-nmi 
standoff  distance,  the  LVTs  must  be  transported  to  the  line  of  departure 
by  the  ships  in  which  they  are  embarked.  When  using  advanced  landing 
craft,  the  LVTs  were  also  carried  to  the  line  of  departure,  but  by  the 
advanced  landing  craft. 

The  obvious  difficulties  of  this  procedure  for  the  conventional 
landing  craft  at  25  nmi  run  tend  to  reduce  its  usefulness.  Unloading 
times  for  this  run  were  therefore  not  presented. 

4 
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Table  VII- 13(a) 

PROGRAM  GAMUT  INPUT  PARAMETERS:  RUNS  NO.  1 AND  NO.  2 


Type  1 

Type  2 

Type  3 

All 

Craft 

Craft 

Craft 

Craft 

Craft 

LCM6 

LCM8 

ECU 

Number 

111 

34 

40 

185 

Speed  (kts) 

8 

8 

10 

Capacity  (pounds) 

68,000 

120,000 

380,000 

Type  4 

Type  5 

Type  6 

All 

Helo. 

Helo. 

Helo. 

Helo. 

Helicopter 

UH-IN 

CH-46 

CH-53 

Number 

0 

90 

63 

153 

Speed  (kts) 

130 

130 

150 

Capacity  (pounds) 

2,500 

4,900 

8,600 

Special  situation  at  20  hours 

Standoff  distance,  nautical  miles  Run  No.  1 = 25,  Run  No.  2=5 

Sea  state  03 

Number  of  small  craft  deckloaded  48 

Percent  of  cargo  available  to  helos  50 

Beach  slots,  ACVs  0 

Beach  slots,  LPHs  32 

Number  of  LST  causeways  4 

Time  to  install  causeways  (minutes)  240 

LVTs  discharged  near  the  waterline  by  well-ship. 

General  unloading  starts  after  350,000  sq  ft  of  vehicles 
have  been  offloaded. 

Attrition  rates  decrease  exponentially  with  time. 


Table  VII-13(b) 


PROGRAM  GAMUT  INPUT  PARAMETERS:  RUN  NO.  3 


Type  1 

Type  2 

Type  3 

All 

Craft 

Craft 

Craft 

Craft 

Craft 

C30 

P125 

Jeff(B) 

Number 

92 

0 

70 

162 

Speed  (kts) 

50 

35 

50 

Gapacity  (pounds) 

30,000 

125,000 

150,000 

Type  4 

Type  5 

Type  6 

All 

Helo. 

Helo. 

Helo. 

Helo. 

Helicopter 

UH-IN 

CH-46 

CH-53 

Number 

0 

90 

63 

195 

Speed  (kts) 

130 

130 

150 

Capacity  (pounds) 

2,500 

4,900 

8,600 

Special  situation 

at  20  hours 

Standoff  distance. 

nautical  miles 

25 

Sea  state 

03 

Number  of  small  craft  deckloads 

32 

Percent  of  cargo  available  to  helos  50 
Beach  slots,  AGVs  32 

Beach  slots,  LPHs  0 

Number  of  LST  causeways  4 

Time  to  install  causeways  (minutes)  240 

All  LVTs  preloaded  on  craft. 

LVTs  discharged  near  the  waterline  by  craft. 

General  unloading  starts  after  350,000  sq  ft  of  vehicles 
have  been  offloaded. 

Attrition  rates  decrease  exponentially  with  time. 
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Table  VI 1-14 

SHIP  UNLOADING  RATES  AND  TIMES:  CONVENTIONAL  LANDING  CRAFT 

(Run  No.  1,  5-nmi  Standoff) 


Ship  No. 

Type 

Tons 

(short  tons') 

Rate 

{ tons/hr') 

Hours 

1 

30 

LKA 

3,006 

88 

34 

2 

31 

I.KA 

3.031 

88 

34 

3 

32 

LKA 

3,006 

88 

34 

4 

34 

LKA 

1 ,455 

88 

17 

5 

48 

LKA 

1 ,653 

88 

19 

6 

49 

LKA 

1 ,094 

88 

12 

7 

33 

LPA 

644 

88 

7 

8 

47 

LPA 

1,722 

88 

20 

q 

2 

LHA 

3,156 

74 

43 

10 

2 

LllA 

3,156 

74 

43 

11 

2 

I>HA 

3,156 

74 

43 

12 

2 

LHA 

3,156 

74 

43 

13 

7 

LPD 

1 ,330 

64 

21 

14 

8 

LPD 

1 ,383 

64 

21 

15 

9 

LPD 

1,197 

64 

19 

16 

10 

LPD 

1,257 

64 

20 

17 

11 

LPD 

1,110 

64 

17 

18 

12 

1,305 

64 

20 

19 

41 

I, on 

64 

16 

20 

42 

LPD 

1,281 

64 

20 

21 

43 

LPD 

1 , 152 

64 

22 

44 

LPD 

1 ,331 

64 

21  ^ 

23 

46 

LPD 

1 ,329 

64 

21 

24 

25 

13 

14 

LSD  j 
LSD  I 

Each  LSD 

carried  48  LVTs 

with  24  troops/LV'T 

26 

\ 5 

LSD  1 

the  LVl's 

were  immediately  offloaded  (not 

counted 

in 

tons/hr  rate) 

27 

16 

LSD  ) 

28 

17 

LSD 

140 

21 

6 

29 

IS 

LSD 

221 

21 

10 

30 

19 

LSD 

221 

21 

10 

31 

50 

LSD 

221 

21 

10 

32 

51 

LSD 

221 

21 

10 

33 

54 

LSD 

221 

21 

10 

34 

55 

LSD 

22! 

21 

10 

35 

20 

LST 

737 

28 

26 

36 

21 

LST 

737 

28 

26 

37 

22 

LST 

737 

28 

26 

38 

23 

LST 

737 

28 

26 

39 

24 

LST 

737 

28 

26 

40 

25 

LST 

737 

28 

26 

41 

26 

LST 

737 

28 

26 

42 

27 

LST 

737 

28 

26 

43 

28 

I CT 

737 

28 

26 

44 

29 

LST 

737 

28 

26 

43 

56 

LST 

737 

28 

26 

46 

57 

LST 

834 

28 

30 

47 

58 

LST 

834 

28 

30 

48 

59 

LST 

737 

28 

26 

49 

60 

LST 

737 

28 

26 

50 

61 

LST 

826 

28 

30 

51 

3 

LPM 

903 

49 

18 

52 

4 

LPH 

810 

49 

17 

53 

5 

LPH 

836 

49 

17 

54 

36 

LPH 

780 

49 

20 

55 

37 

LPH 

711 

49 

19 

56 

38 

LPH 

919 

49 

;q 

57 

39 

LPH 

804 

49 

16 
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SHIP  UNtX)ADING  RATES  AKD  TIMES:  ADVANCED  LANDING  CRAFT 

(Run  No.  3»  25'nmi  Standoff) 


Ship  No. 

Type 

Tona 

(short  tons) 

Rate 

(tons/hr) 

Hour 

1 

30 

LKA 

3,00t, 

82 

37 

2 

31 

LKA 

3.031 

82 

37 

3 

32 

LKA 

3.006 

82 

37 

4 

34 

LKA 

1.455 

82 

18 

5 

48 

LKA 

1.653 

82 

20 

6 

49 

LKA 

1.094 

82 

14 

7 

33 

LPA 

644 

82 

7.) 

8 

47 

LPA 

1.722 

82 

21 

9 

2 

LHA 

3,156 

84 

37 

10 

2 

LHA 

3.156 

84 

37 

11 

2 

LHA 

3,156 

84 

37 

12 

2 

LHA 

3,156 

84 

37 

13 

7 

LPD 

1,250 

67 

19 

14 

8 

LPD 

1,299 

67 

19 

15 

9 

LPD 

1,112 

67 

17 

16 

10 

LPD 

1,176 

67 

18 

17 

11 

LPD 

1 ,031 

67 

15 

18 

12 

LPD 

1,225 

67 

18 

19 

41 

LPD 

935 

67 

14 

20 

42 

LPD 

1.203 

67 

18 

21 

43 

LPD 

1 .072 

67 

16 

22 

44 

LPD 

1.251 

67 

19 

23 

46 

LPD 

1,202 

67 

18 

24 

13 

LSD\ 

25 

14 

LSD  1 

26 

15 

LSD  1 

27 

16 

LSD  1 

28 

17 

lsdI 

Each  LSD 

carried  12  LVTs 

with  516 

29 

18 

LSD  \ 

the  LVTs 

were 

irmediately 

off  load< 

30 

19 

LSDl 

counted 

in  tons/hr  rate) 

31 

50 

LSol 

32 

51 

LSD  1 

33 

54 

LSD  1 

34 

55 

LSD  / 

35 

20 

LST 

783 

28 

26 

36 

21 

LST 

783 

28 

26 

37 

22 

Lsr 

783 

28 

26 

38 

23 

LST 

783 

28 

26 

39 

24 

LST 

783 

28 

26 

40 

25 

LST 

783 

28 

26 

41 

26 

LST 

783 

28 

26 

42 

27 

I.ST 

783 

28 

26 

43 

28 

LST 

783 

28 

26 

44 

29 

1-sr 

783 

28 

26 

45 

56 

LST 

834 

28 

30 

46 

57 

LST 

741 

28 

26 

47 

58 

I«ST 

741 

28 

26 

48 

59 

Lsr 

834 

28 

26 

49 

60 

LST 

834 

28 

26 

50 

61 

LST 

834 

28 

26 

51 

3 

LPH 

894 

44 

20 

52 

4 

LPM 

819 

44 

IS 

53 

5 

LPH 

669 

44 

15 

54 

36 

LPH 

949 

44 

22 

55 

37 

L11I 

981 

44 

22 

56 

38 

LPH 

980 

44 

22 

57 

39 

LPH 

978 

44 

22 
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UNLOADING  RATES  FOR  CONVENTIONAL  [JVNDING  CRAFT 
AT  A 25-NMI  STANDOFF  DISTANCE 


Ship  Type 

Ra  te 
(ton/hr) 

LKA 

50 

LHA 

39 

LPD 

29 

LSD 

28 

LST 

28 

LPH 

48 

In  reviewing  Tables  VII-14  and  VII-15,  the  important  fact 

obtained  is  that  the  longest  time  for  unloading  is  43  hours  for  the  LHA  i! 

! 

and  37  hours  for  the  LKA  using  advanced  landing  craft  at  25-nmi  standoff  j 

distance.  The  conventional  landing  craft  run  at  a 5-nmi  standoff  distance 
indicates  34  hours  for  the  longest  unloading  time.  These  times  would 
convert  to  days,  depending  on  the  hours  unloading  crews  could  be  worked 
and  prevailing  climatic  conditions  such  as  wind,  surf,  and  sea  state. 

If  the  hours  worked  were  18,  all  ships  of  the  force  would  be  unloaded  by 
mid  D+3 , or  2.39  days.  If  more  hours  per  day  were  worked,  the  days  for 
unloading  would  be  reduced.  This  Information  establishes  the  earliest 
time  for  beginning  the  unloading  of  AFOE  support  ships.  This  data  also 
assumes  that  combat  operations  ashore  gained  control  of  sufficient 
terrain  to  organize  the  necessary  beach  and  logistic  support  areas  to 
facilitate  cargo  handling  without  undue  congestion.  As  established  in 
a previous  paragraph,  simulations  conducted  at  SRI  to  support  the  landing  { 

craft  studies  of  the  beach  cargo  handling  operations  have  verified  that  1 

( 

the  unloading  rates  determined  from  the  GAMUT  simulation  can  be  accommo- 
dated at  the  beach,  given  the  required  numbers  of  vehicles  and  materiel  ' 

handling  equipment. 
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a previous  paragraph,  simulations  conducted  at  SRI  to  support  the 
landing  craft  studies  of  the  beach  cargo  handling  operations  have  veri- 
fied that  the  unloading  rates  determined  from  the  GAMUT  simulation  can 
be  accommodated  at  the  beach,  given  the  required  numbers  of  vehicles  and 
materiel  handling  equipment. 

The  data  in  Tables  VII- 15  and  VII- 16  may  be  used  by  amphibious 
staff  planners,  along  with  the  results  from  the  CCF  Model  and  the  con- 
strained unit  T/E  lists  to  determine  the  most  operationally  ready  force 
for  loading  into  the  available  amphibious  lift  capacity.  In  an  actual 
operation,  having  decided  to  phase  various  units  initially  assigned  to 
the  AE  into  the  objective  area  via  the  AFOE  support  ships,  the  commander 
may  find  them  being  landed  before  D+5,  based  on  the  finding  of  this 
analysis. 

While  the  unexpected  situations  that  occur  in  combat  may 
create  sufficient  confusion  in  the  objective  area  to  negate  some  of  the 
advantages  derived  from  an  application  of  the  results  of  this  study,  use 
of  the  foregoing  techniques  nevertheless  constitute  a powerful  aid  to 
the  staff  planner  by  constructing  the  best  advanced  planning  posture 
from  available  information. 

E . The  Effect  on  Amphibious  Lift  From  Materiel  Adjustments 

In  accordance  with  the  first  objective  of  the  study,  the  impact  of 
! new  materiel  or  planned  items  on  the  constrained  amphibious  lift  problem 

will  be  presented  in  this  section.  The  description  of  the  research  work 
done  to  determine  materiel  adjustments  was  presented  in  Section  V. 
j Three  areas  of  materiel  adjustments  were  included. 
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New  Family  of  Shelters 

The  effect  on  amphibious  lift  requirements  from  introducing 
the  new  family  of  shelters  into  the  appropriate  troop  units  of  the  MAP, 
as  presented  in  Section  V,  was  found  to  be  a very  small  increase  in  bulk 
and  square  loaded  space.  The  data  from  Table  V-7  Indicated  that  only 
.4  percent  for  bulk  and  .3  percent  for  square  feet  were  required  to 
incorporate  these  items  of  equipment. 

2 . Planned  Items 

Because  of  the  few  planned  TAM  items  having  embarkation  data 
available,  no  significant  effect  on  the  constrained  amphibious  lift 
problem  can  be  determined  at  this  time. 

3.  Adjusted  Mountout  Calculations 

The  analysis  of  usage  data  conducted  during  this  study,  as 
presented  in  Section  V,  developed  adjusting  factors  for  a recomputation 
of  mountout.  With  the  application  of  these  factors  within  the  CCF  Model, 
the  mountout  in  bulk  and  square  feet  can  be  recomputed  as  though  the 
original  combat  active  replacement  factors  (CARP)  contained  in  the  TAM 
had  been  increased  to  reflect  these  adjusting  factors. 

The  adjusting  factor  for  the  CARP  values  obtained  from  the 
1968  TAM  to  be  used  in  the  CCF  Model  is  2.38  for  both  bulk  and  square. 

The  constrained  amphibious  lift  problem  is  then  resolved  for  this  new 
statement  of  mountout.  Figure  VII-6  contains  the  results  from  this  run 
of  the  CCF  Model. 

The  2.38  value  for  the  corrective  factor  applied  within  the 
CCF  Model  has  very  little  effect  on  the  loading  problem.  The  increase 
in  percent  short  fall  obtained  from  multiplying  2.38  by  the  mountout  for 
classes  II  and  VII  for  each  unit  was  .36  percent,  which  is  insignificant. 
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FIGURE  VII-6.  WEIGHTED  CONSTRAINED  UNIT  LOADING  VERSUS  PERCENT  SHORT  FALL 
FOR  ADJUSTED  MOUNTOUT 


When  using  the  corrective  factor  of  39  obtained  from  Vietnam 
data  for  classes  II  and  VII  nonsquare,  and  1.09  for  square  loaded  items, 
the  unconstrained  percent  short  fall  was  increased  to  42.  This  jump  in 
total  lift  requires  an  applied  constraint  of  68  percent  for  unit  loading, 
which  may  be  cutting  unit  T/Es  below  acceptable  levels.  However,  this 
representation  of  mountout  may  be  closer  to  a realistic  requirement  than 
current  amounts.  For  the  assault  echelon,  supply  classes  IIW  and  VIIW 
mountout  currently  is  .157  percent  of  total  bulk  cargo,  and  .839  percent 
for  square  loaded  cargo,  v'hich  is  used  for  replenishment  of  T/E  items 
in  all  units  of  the  AE  for  15  days.  The  remaining  45  DOS  of  mountout 
for  the  AE  are  carried  by  the  AFOE. 

No  Middle  East  war  loss  rates  were  available  for  calculations 
in  the  study.  The  high  losses  of  large  square  loaded  items  reported 
from  that  conflict  would  have  a severe  effect  on  the  loading  problem  if 
any  attempt  were  made  to  increase  the  mountout  for  these  items  carried 
by  the  AE  in  assault  shipping.  With  the  option  of  carrying  any  augmen- 
tation  for  square  loaded  mountout  in  AFOE  support  shipping,  the  phasing 
of  these  items  ashore  from  the  ships  could  start  by  late  D+2,  as 
demonstrated  in  Subsection  E. 

It  is  of  interest  to  determine  the  effect  on  the  loading 
problem  of  including  an  extra  battalion  of  tanks  as  part  of  the  mountout 
in  the  AE.  When  adding  66  El850s  and  4 E1860s  to  mountout,  an  increase 
of  20,476  square  feet  of  mountout  results.  Figure  VIl-6  also  illustrates 
this  result.  The  run  of  the  CCF  Model  generating  the  data  for  this  curve 
used  current  mountout  data,  except  for  the  addition  of  the  20,476  square 
feet.  The  curve  for  this  run  of  the  model  requires  a constraint  of  just 
under  70  percent  for  loading.  This  addition  of  mountout  does  not  have 
a dramatic  effect  on  the  loading  problem  when  considered  alone. 
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It  must  be  pointed  out  that  the  adjustment  of  the  troop  list 
for  the  AE  would  probably  be  required  to  compensate  for  this  increase 


in  mountout,  which  would  permit  the  use  of  a higher  constraint  value 
for  solving  the  loading  problem. 

Since  the  reduction  of  the  CARF  values  in  the  TAM  during  1972, 
very  little  mountout  is  required  by  allowances.  Commander  exceptions 
to  the  quantities  carried  in  the  TAM  may  have  compensated  for  the 
extremely  low  allowances  to  some  degree.  It  should  also  be  noted  that 
the  CARF  values  in  the  TAM  are  the  same  for  all  units  regardless  of 
mission.  It  would  appear  appropriate  to  determine  the  CARF  for  individ- 
ual units,  and  include  this  data  element  in  the  Equipment  Allowance  File 
(EAF),  rather  than  the  Item  Data  File  (IDF),  permitting  the  value 
assigned  to  reflect  the  unit's  mission  and  expected  usage  rates. 

F.  Amphibious  Lift  Requirements  for  the  Deployed  MAB  and  MAU 

The  most  common  force  levels  requiring  embarkation  planning  are  the 
MAU  and  MAB.  Experience  gained  from  mounting  out  a MAB  for  contingency 
deployments  or  training  exercises  consistently  reveals  the  requirement 
to  plan  the  loading  of  units  into  a shipping  capacity  considerably  less 
than  the  initially  desired  lift  requirements.  A constrained  amphibious 
lift  problem  exists  with  these  force  level  organizations  as  well. 

Many  cold  war  operations  have  found  amphibious  forces  committed  to 
an  area  via  the  sea  by  first  landing  the  forward  deployed  MAU,  quickly 
reinforced  by  the  parent  MAB,  and  finally  brought  to  MAF  strength  level 
at  some  later  time. 

This  section  will  present  lift  requirements  of  the  MAU  and  MAB 
obtained  from  troop  lists  provided  to  SRI  as  part  of  the  MAGTF  Project. 
These  requirements  will  be  compared  with  the  assault  shipping  lift  cap- 
acities defined  for  the  MAU  and  MAB  in  the  MMROP.  The  constrained 


VII-51 


; 

j 


amphibious  lift  problem  will  be  presented  for  the  MAS  case.  Finally,  the 
lift  requirements  of  the  residual  MAF  from  first  deploying  the  MAU/MAB  to 
the  objective  area  will  be  presented. 
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1.  MAU  Lift  Requirements  i 

Table  VII-17  provides  a notional  troop  list  and  the  lift  require-  | 

ments  for  a MAU  computed  from  the  MAGTF  System.  The  MMROP  states  that  i 

MAU  lift  requirements  would  require  about  4-7  ships.  The  lift  requirements 
in  Table  VII-17  would  require  about  5 ships,  depending  on  the  ship  types 
selected. 

2.  The  Constrained  Amphibious  Lift  Problem  of  the  Notional  MAB 

Since  the  MAU  is  part  of  the  MAB,  the  lift  problem  facing  the 
MAB  will  be  considered  as  including  the  MAU,  even  though  the  MAU  may  be 
at  a different  geographic  location  initially. 

The  MAB  troop  list  and  lift  requirements  provided  to  the  MAGTF 
Project  is  shown  in  Table  VII-18.  A total  of  55,398  measurement  tons  and  . 

582,442  square  feet  are  required  for  this  force.  The  DOS  for  mountout 
was  set  at  30  for  the  MAGTF  run  producing  the  results.  Both  the  MAU  and 
MAB  troop  units  did  not  include  the  new  CSS  structure  with  a few  exceptions. 

Some  slight  reduction  in  lift  may  have  been  possible  if  the  entire  troop 
list  had  been  converted  to  the  new  structure.  Most  of  the  units  contained 
in  this  force  are  detachments  and  therefore  originally  tailored  to  provide 
a wide  range  of  support  functions. 

The  MMROP  states  that  a force  of  16-21  assault  ships  would  be 
required  to  lift  a notional  MAB.  Because  of  the  task  organized  structure 
of  a specifically  tailored  MAB,  this  number  of  ships  may  be  adequate. 

However,  the  lift  requirements  of  the  notional  MAB  presented  in  Table  VIl-18 
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MAKINE  AMPHIBIOUS  UNIT  (MAU)  TRCX)P  LIST  j 


Unit 

Unit  Type 
Code 

Quantity* 

MT 

PAS 

Square 

Description 

Coqnand  Element 

KOIOOU 

CCVAA 

1 

55 

75 

1355 

Hq,  MAU  Command  Element 

MOlOlU 

PGLAA 

1 

9 

ll 

321 

Det  SCAMP  for  MAU 

M0102U 

M0102 

1 

5 

8 

214 

Det  Force  Becon  for  MAU 

MOIiOB 

PUBEC 

1 

35 

46 

680 

Det  Radio  Bn  for  MAU/MAB 

Ground  Combat  Element 

M1013 

OGVAA 

4 

182 

207 

0 

Inf  Co,  Inf  Bn  (Rein) 

M1037 

9CUAA 

I 

570 

402 

4780 

H4S  Co,  Inf  Bn  (Rein) 

M0200U 

M0200 

1 

1 

4 

0 

Det  Hq  Co,  Inf  Regt  for  MAU 

MU03 

IHHAA 

1 

559 

126 

4842 

105  How  Btry  (Rein)  D/S  Bn 

M0201U 

9KLEB 

1 

9 

22 

177 

Dec  Hq  Btry,  D/S  Bn  for  MAU 

M0203U 

4HXAA 

1 

21 

43 

263 

Eng  Pit  (Rein),  Eng  Co.  Eng  Bn 

M0202U 

4HVEC 

1 

1 

8 

0 

Det  Eng  Spt  Co,  Eng  Bn  for  MAU 

N0204U 

PHSAA 

1 

11 

24 

214 

Recon  Pit  (Rein),  Recon  Co 

M0205U 

M0205 

1 

1 

3 

0 

Det  H6S  Co,  Recon  Bn 

M0206U 

FJQEB 

1 

ll 

9 

280 

Det  Col  Pit,  C/C  Med  Bn 

M0207U 

2SSAA 

1 

174 

22 

1847 

Tank  Pit  (Hein),  Tank  Co 

M0208U 

9SNEC 

1 

1 

5 

0 

Det  HAS  Co,  Tank  Bn 

MO209U 

2TYAB 

1 

52 

35 

3297 

LVT  Plr  (Rein),  Amtrac  Co 

M02IOU 

9 WEB 

1 

1 

7 

0 

Dec  HAS  Co,  Anitrac  Bn 

Loslatic  Support  Unit 

M0300U 

M0300 

1 

340 

13 

10485 

Hq,  LSU 

M0301U 

9CXAA 

1 

1 

3 

0 

Dec  Div  Hq.  Hq  Co.  Hq  Bn 

M0302U 

M0302 

1 

1 

7 

0 

Dec  Ser  Co  (Diab).  Hq  Bn 

M0303U 

QDEC 

1 

1 

7 

0 

Dec  HP  Co,  Hq  Bn 

N0204U 

PHSAA 

1 

1 

2 

0 

Recon  Pit,  Recon  Co 

M0305U 

UJVAA 

1 

12 

35 

0 

Trk  Pit,  Trk  Co,  MT  Bn 

M0207U 

2SSAA 

1 

1 

8 

0 

Tank  Pit,  Tank  Co 

M0307U 

FJBEB 

1 

1 

3 

0 

Det  HAS  Co,  Med  Bn 

M0308U 

FTFEB 

1 

1 

3 

0 

Det  Dental  Co 

M0309U 

9JLAA 

1 

8 

29 

0 

?P  Pit,  SP  Co,  SP  Bn 

M0310U 

9JJEC 

1 

9 

31 

0 

Det  HAS  Co,  SP  Bn 

M03UU 

JJEEB 

1 

33 

36 

0 

Det  Sup  Co,  Ser  Bn 

M0312U 

HJFEB 

1 

3 

12 

0 

Det  Maint  Co,  Ser  Bn 

M0313U 

UJCEB 

1 

1 

6 

0 

Det  Trk  Co,  Ser  Bn 

M0314U 

HVHLl 

1 

1 

9 

0 

Det  Ord  Maint  Co,  Maint  Bn 

M0315U 

HVRL2 

1 

1 

4 

0 

Det  MT  Maint  Co,  Maint  Bn 

M0316U 

HVRU 

1 

1 

4 

0 

Det  Elect  Maine  Co,  Maint  Bn 

M0317U 

JVJEl 

1 

1 

2 

0 

Det  Aamo  Co,  Sup  Bn 

M0318U 

JVJE2 

1 

4 

20 

0 

Det  Bulk  Fuel  Co,  Sup  Bn 

M0319U 

JVJE3 

1 

1 

2 

0 

Det  Sup  Co,  Sup  Bn 

M0320U 

JVJE4 

1 

1 

4 

0 

Det  HAS  Co,  Sup  Bn 

M0321U 

9VCEC 

1 

2 

9 

0 

Det  Conn  Co,  Bn 

Air  Combat  Element 

M0600U 

M0600 

1 

630 

372 

9404 

Air  Combat  Element 

M070IU 

M0701 

1 

872 

142 

40913 

Naval  Beach  Party 

Total 

4171 

2441 

79072 

Amount  shown  la  for  one  (1)  unit;  multiply  by  Quantity  for  total  lift  requirement.  'J 
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NARINE  AMPHIBIOUS  BRIGADC  (NAB)  iROOP  LIST 


Unit 

Unit  Type 
Code 

1 

Quantity* 

MT* 

PAS 

Barrels^ 

Square  * 

Description 

Comnand  Element 

NOIOOB 

CCFAA 

173 

225 

6 

3735 

Hq,  NAB  Command  Element 

MOIOIB 

MUlOl 

1 

5 

17 

0 

0 

Dct  Div  Hq.  Hq  Co,  Hq  Bn 

N0103B 

PYFEB 

1 

7 

12 

1 

688 

Cl  Team  /-/ 

M0I04B 

PGKAA 

I 

12 

25 

0 

0 

Det  SCAMP 

M0103B 

VYBEB 

1 

21 

34 

1 

914 

Det  Civil  Affaira  Group 

M0106B 

6UHEC 

I 

43 

76 

5 

1916 

Det  Coiran  Bn  for  MAB 

M0109B 

MO  109 

1 

2 

4 

0 

0 

Radar  Becon  Team,  Comm  Co 

MOUOB 

PUBEC 

1 

13 

46 

1 

680 

Det  Radio  Bn  for  MAU/MAB 

Ground  Cofi^at  Element 

M1013 

OGVAA 

12 

159 

207 

1 

0 

Rifle  Co,  Inf  Bn 

M10J7 

9GUAA 

3 

546 

402 

9 

4742 

H6iS  Co,  Inf  fin 

M1096 

9CSAA 

1 

188 

184 

13 

4658 

Hq  Co,  Inf  Keyt 

Ml  103 

IHMAA 

3 

536 

126 

5 

4804 

105  How  Btrv,  U/S  Bn 

Ml  126 

9HIJL^ 

1 

250 

203 

9 

7151 

Hq  Btry,  D/S  Bn 

MU43 

MU43 

1 

778 

126 

6 

6171 

155  How  Btry,  G/S  Bn 

M0201B 

M0201 

1 

3 

95 

0 

1455 

Det  Hq  Btry,  G/S  Bn 

M0202B 

9HEEB 

1 

411 

15 

1 

278 

Det  Hq  Btry,  Arty  Regt 

M0203B 

ISJGA 

1 

271 

55 

2 

2128 

8"  How  Pit,  6"  How  Btry 

M1373 

4HWAA 

1 

102 

135 

2 

799 

Engr  Co,  Engr  Bn 

M0204H 

4HVEB 

1 

462 

48 

11 

7113 

Det  Engr  Spt  Co,  Engr  Bn 

M0205B 

M0205 

1 

12 

13 

0 

163 

Det  Hf»S  Co,  Engr  Bn 

M0206B 

M0206 

1 

5 

6 

0 

214 

Det  H&S  Co,  Recon  Bn 

M1423 

PHRAA 

1 

420 

85 

1 

69 

Recon  Co,  Recon  Bn 

M0207 

PTMAA 

1 

11 

15 

0 

316 

Det  Force  Recon  Co 

M1653 

UJUAA 

1 

63 

79 

9 

8540 

Truck  Co,  MT  Bn 

M0208B 

M0208 

1 

5 

5 

0 

61 

Det  HAS  Co.  HT  Bn 

M4233 

2SRAA 

1 

nil 

no 

12 

7035 

Med  Tank  Co,  Tank  Bn 

M0209B 

9SNEB 

1 

15 

12 

0 

346 

Det  HAS  Co,  Tank  Bn 

M4652 

2TXAB 

1 

236 

229 

39 

15846 

Amlrac  Co.  Amtrac  Bn 

M0210B 

9WEC 

1 

2 

31 

2 

1584 

Det  HAS  Co,  Amtrac  Bn 

Loaistlc  Support  Group 

M0300B 

9CKAA 

1 

9 

37 

1 

414 

Hq.  ISG 

M0301B 

M0301 

1 

10 

32 

2 

817 

Det  Coimn  Bn  for  I.SG 

M0302B 

9GDEF 

1 

7 

7 

0 

0 

Det  Serv  Co  (Diab),  Hq  Bn 

M0303B 

H0303 

1 

5 

4 

0 

0 

Det  Dlv  Hq,  Hq  Co  (Postal) 

M0304B 

QGDEB 

1 

14 

30 

1 

489 

MP  Pit,  MF  Co,  Hq  Bn 

M1523 

FJQAA 

1 

96 

98 

H 

2869 

C/C  Co,  Med  Bn 

M0305B 

M0303 

1 

18 

29 

4 

1532 

Dct  HAS  Co,  Ned  Bn 

M0306B 

M0306 

1 

11 

19 

0 

0 

Del  Heap  Co 

M0307B 

M0307 

1 

10 

34 

0 

0 

Det  Sup  Surg  Co 

M0308B 

9JBEB 

1 

216 

32 

3 

1132 

Det  HAS  Co , Serv  Bn 

M0309B 

KJFEB 

1 

190 

175 

9 

6310 

Det  Maint  Co,  Serv  Bn 

N0310B 

JJEEC 

1 

303 

119 

3 

2700 

Det  Sup  Co,  Serv  Bn 

M03IIB 

UJCEC 

1 

70 

40 

7 

6145 

Det  Truck  Co,  Serv  Bn 

M1863 

9JKAA 

1 

61 

66 

1 

575 

Shore  Party  Co,  SP  Bn 

M03I2B 

9JJEB 

1 

433 

78 

8 

6456 

Dct  HAS  Co,  SP  Bn 

H0313B 

M0313 

1 

17 

16 

1 

800 

Det  HAS  Co,  Maint  Bn 

M0314B 

M0314 

I 

48 

68 

2 

2396 

Dct  Ord  Maint  Co.  Maint  Bn 

M03I5B 

M0315 

1 

812 

184 

35 

47690 

Det  Mt  Maint  Co.  Maint  Bn 

M0316B 

M0316 

1 

347 

40 

30 

13721 

Det  Elect  Maint  Co,  Maint  Rn 

M0317B 

M03I7 

1 

319 

41 

15 

7910 

Det  Engr  Maint  Co,  Maint  Rn 

M0318B 

M0318 

1 

7 

24 

0 

0 

Det  Gen  Sup  Maint  Co,  Maint  Bn 

M0319B 

M0319 

1 

20 

16 

1 

311 

Det  HAS  Co,  Sup  Bn 

N0j20B 

M0320 

1 

72 

112 

1 

297 

Det  Sup  Co,  Sup  Rn 

M0321B 

M0321 

1 

775 

80 

7 

1154 

Det  Ration  Co,  Sup  Bn 

M0322B 

M0322 

1 

725 

96 

6 

2085 

Det  Bulk  Fuel  Co,  Sup  Bn 

M0323B 

M0323 

I 

no 

78 

1 

495 

Det  Ammo  Co,  Sup  Bn 

M0324B 

M0324 

1 

1346 

91 

4 

2530 

Dct  HAS  Co,  HAS  Bn 

M0325B 

M0325 

1 

9 

46 

1 

369 

Oct  ('omm  Co,  HAS  Bn 

M0326B 

M0326 

1 

326 

66 

3 

3331 

Det  Spl  Co,  HAS  Bn 

M0327B 

M0327 

1 

203 

88 

16 

26015 

Det  Truck  Co,  HAS  Bn 

M4353 

4SZAA 

1 

234 

165 

10 

8927 

Engr  Co , Engr  Hn 

M0328B 

9SYEB 

1 

66 

33 

4 

3221 

Det  Serv  Co,  Engr  Bn 

M0329B 

9SXEB 

1 

16 

22 

0 

70 

Det  Hq  Co,  Engr  Bn 

M4252 

FTFAA 

1 

82 

71 

5 

1800 

Dental  Co 

M0330B 

9TQER 

I 

12 

6 

0 

153 

Det  HAS  Co,  MT  Bn 

M4643 

UTSAA 

1 

145 

82 

10 

10250 

lYuck  Co,  Ml  Bn,  Force  Trpa 

M0331B 

UTREA 

1 

34 

26 

3 

5752 

Det  Transport  Co,  MT  Bn 

M0332B 

M0332 

1 

n 

41 

4 

1766 

Det  Mat  Ter  Veh  Co.  MT  Bn 
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Table  Vll-lb  (Concluded) 


Unit 

Unit  Type 
Code 

Quantity* 

mt' 

PAS 

m 

Square* 

Description 

Air  Conbac  £l«aient 

M0601B 

CLDEB 

1 

17 

7 

1 

3 

0 

Det  MWH  for  MAB 

M0602B 

8I.PEB 

1 

120 

60 

6 

3408 

Det  MWKS  for  HAfi 

M0603B 

8MLEC 

1 

108 

77 

12 

637 

Det  K4MS.  MWSC 

N06('4B 

8HNEB 

1 

191 

45 

46 

22223 

Det  UERS  for  HAB 

M8631 

7’.SAA 

1 

626 

271 

41 

14900 

MACS,  MACC 

M0605B 

7LREC 

1 

74 

62 

10 

3088 

Det  MASS,  MACG 

M0606R 

8LPEC 

1 

ll 

20 

6 

0 

Det  H&HS,  MACG 

M0607B 

M0607 

1 

44 

72 

2 

4368 

Det  MWCS,  MACG 

M0608B 

M0608 

1 

160 

102 

3 

1555 

Det  FAAD  Btry,  MACC 

M0609B 

MO609 

1 

592 

165 

119 

8144 

net  VMCJ  (3  RF-4/3  EA-6A) 

M8813 

8NJAA 

1 

448 

484 

32 

6555 

H6*tS,  MAC  (VA/VF/VA  (AW)) 

M8820 

8NKAA 

1 

4468 

479 

67 

19701 

MABS,  MAG  (VA/VF/VA  (AW)) 

M8821 

7NIAA 

2 

83 

73 

6 

2181 

MATCU,  MABS 

H8849 

3NMAB 

1 

2115 

320 

239 

6631 

VMFA  (12  F-4.I) 

M88S5 

3NSAB 

1 

3863 

227 

124 

7619 

\'MA  (16  A-4M) 

M8857 

3NUAA 

1 

3526 

355 

181 

9343 

VMA  (AW)  (12  A-6A) 

H8859 

3NSAB 

1 

2896 

372 

224 

6394 

VMA  (20  AV-8A) 

M8914 

SPCAA 

1 

294 

405 

7 

5522 

H6^S.  MAG  (VH) 

M0610B 

3PFEC 

1 

192 

80 

7 

1636 

Det  WO  (4  OV'IO) 

M8921 

SPDAA 

1 

3145 

390 

33 

17252 

MABS.  MAG  (VW) 

M8937 

3PNAA 

2 

1277 

248 

48 

ilMM  (18  CH-46E) 

M8944 

3PLAA 

1 

1411 

345 

92 

HMH  (21  CH-53D) 

M8964 

3PQUA 

1 

1185 

278 

33 

>WL  (21  UH-IN) 

H8970 

3PUAB 

1 

1208 

303 

32 

4473 

HMA  <18  AH-lJ) 

M8621 

3LYAA 

1 

333 

120 

7 

6573 

Missile  Btry,  LAAM  Bn 

M0611B 

8LXEB 

1 

2212 

211 

20 

14584 

Det  Btry,  LAAM  Bn 

Naval  SuDDort  Forces 

M0701B 

H0701 

1 

2628 

428 

0 

88184 

Naval  Beach  Group 

M0702B 

M0702 

1 

4894 

763 

0 

53658 

Naval  Mobile  Constructicn  Bn 

A0K>unta  shown  for  one  (l>  unit;  mullCply  by  Quantity  for  total  lift  sum. 
*MT  - 55398  Bl  - 1831  Sq  - 582442 

Computed  totals  have  been  adjusted  for  removal  of  obsolete  TAMs. 
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were  processed  through  GALAS,  and  an  unconstrained  lift  short  fall  of  53 
percent  was  obtained  when  using  a 34-ship  force,  the  approximate  number  of 
ships  in  one  fleet.  In  order  to  analyze  the  size  of  the  MAS  and  ascertain 
what  units  comprise  the  cargo,  Table  VII-19  was  prepared.  The  aviation 
combat  element  constitutes  56  percent  of  the  force  due  to  the  units  pro- 
viding support  for  the  installation  of  a SATS  site.  The  Naval  Mobile 
Construction  Battalion  detachment  for  a MAB  is  also  included  to  support 
construction  of  the  SATS  site. 

When  faced  with  planning  the  embarkation  of  a MAB,  the  staff 
planner  would  proceed  to  fit  the  MAB  into  whatever  size  ship  force  was 
made  available,  as  previously  described  for  the  AE  of  the  MAF.  After 
developing  the  desired  troop  list  based  on  the  information  available,  he 
would  process  this  force  through  MAGTF  and  analyze  the  amphibious  lift 
status  from  the  output  of  CCF  Model.  Table  VII-20  shows  the  values  for 
the  lift  short  fall  for  the  constraints  used.  It  is  obvious  from  these 
results  that  the  lift  requirement  far  exceeds  the  capacity  of  the  34-ship 
force,  not  to  mention  a short  fall  from  a 21-ship  force.  A drastic  re- 
evaluation  of  the  troop  list  is  therefore  necessary.  The  small  effect 
of  applying  the  constraints  in  Table  VII-20  is  due  to  the  large  number 
of  detachments  included  in  the  list  of  units.  In  a case  like  this,  the 
CFF  Model  user  will  probably  code  certain  detachments  for  application  of 
constraints  as  well,  and  allow  GALAS  to  select  the  optimally  constrained 
operational  ready  force,  but  not  until  he  first  reduces  the  troop  list. 

In  addition,  other  means  for  transporting  the  large  combat  aviation 
element  of  the  MAB  would  be  a possibility. 

A run  of  the  GFF  Model  was  conducted  by  first  eliminating  the 
units  contained  in  Table  VII-21.  The  units  selected  consist  of  those 
whose  functions  may  either  not  be  needed  immediately,  arrive  by  other 
transportation  means,  or  be  performed  in  some  other  way.  In  any  case. 
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Table  VII- 19 

MAB  UNIT  CARGO  CATEGORIES 


Element/Force  MT 

Command  element  276 
Ground  combat  element  9,499 
Logistics  support  group  7,189 
Air  combat  element  31,959 
Naval  support  forces  7,522 


Percent  Percent 

of  of 

Total  Square  Total 

0.48%  7,933  1.30% 

16.83  92,565  15.21 

12.74  170,842  28.07 

56.62  195,341  32.10 

13.33  141,842  23.31 
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Table  VII-20 


WEIGHTED  CONSTRAINED  UNIT  LOADING  VS  PERCENT  SHORT  FALL 
FOR  A NOTIONAL  MAB  TO  BE ’ LOADED  IN  A 34-SHIP  FORCE 


Table  VII-21 


! 

( 

! 

I 

J 

li 


UNITS  SELECTED  FOR  REDUCED  MAB  TROOP  LIST 


Unit 

M0321B 

775 

1,154 

M0323B 

110 

495 

M0324B 

1346 

2,530 

M0316B 

347 

13,721 

M0315B 

876 

47,690 

M8820 

4468 

19,201 

M8821 

166 

4,362 

M8914 

294 

5,522 

M8921 

3145 

17,252 

M8621 

333 

6,573 

M0702B 

4894 

53,658 

VII-59 


the  logistics  planner  will  make  his  selection  from  the  best  information 
available.  Figure  VII-7  presents  the  results  of  constrained  loading  using 
the  reduced  MAB  troop  list.  The  relatively  flat  slope  of  the  curve  is 
due  to  applying  constraints  to  essentially  a small  number  of  units.  The 
planner  could  increase  the  number  of  units,  i.e.,  detachments,  and  spread 
the  T/E  reductions  through  more  units,  or  he  could  make  greater  reductions 
in  the  troop  list. 

3.  Follow-on  Deployment  of  the  MAF 

The  residual  units  of  the  MAF  requiring  lift  to  proceed  to  the 
objective  area  of  the  deployed  MAB  would  depend  for  the  most  part  on 
turnaround  assault  shipping,  airlift,  or  common  user  sealift.  A notional 
residual  force  was  constructed  by  the  project  team.  Totals  for  this  force 
are  listed  in  Table  VII-22.  The  troop  list  and  unit  lift  requirements  for 
the  AE  are  listed  in  Table  VII-23.  These  values  are  based  on  computing 
mountout  for  15  DOS. 

4.  The  MAB  Embarked  in  SMLS  Configured  Assault  Shipping 

The  possibility  exists  that  the  MAU  and  MAB  may  deploy  configured 
for  Seaborne  Mobile  Logistic  Support  (SMLS).  The  loading  problem  when 
considering  ships  prepared  for  SMLS  support  becomes  more  constrained  due 
to  the  loss  of  cargo  space  for  landing  force  materiel.  The  Marine  Corps 
study  of  SMLS^  indicates  that  six  ships  would  be  configured  for  SMLS 
support  functions.  Estimates  of  loading  these  ships  reveal  that  broken 
stowage  factors  would  be  reduced  from  0.8  to  0.5.  A MAB  configured  for 
SMLS  support  would  have  an  altered  troop  list  that  eliminated  certain  units 
and  functions  from  deploying  ashore.  The  troop  list  in  Table  VII -21  con- 
taining units  to  be  deleted  from  the  MAB  include  maintenance  detachments. 
The  results  from  the  altered  MAB  troop  list  run  of  the  CCF  Model  could  be 
reduced  even  further  if  justified  by  the  expected  situation  facing  the 
SMLS  configured  MAB. 
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Table  VII-22 

LIFT  REQUIREMENTS  FOR  THE  RESIDUAL  MAF 


* 


MT 

Total  MT 

Square  Feet 

58,000 

183,544 

660,760 

AFOE 

* 

MT 

306,036 


This  figure  includes  the  cube  of  square  loaded  items  when  loading 
in  common  user  sealift. 


Table  VI 1-23 


1805 

161 

824 

500 

188 

184 

491 

6344 

1018 

1230 

453 

4748 

1733 

707 

1170 

28184 

914 

no 

453 

6583 

449 

85 

19 

!3l 

72 

121 

75 

1105 

in 

229 

1491 

15414 

389 

244 

755 

12732 

6482 

914 

66 

2701 

981 

278 

1208 

17502 

2747 

202 

1830 

31463 

867 

313 

774 

16966 

35 

120 

38 

610 

96 

182 

358 

6346 

457 

287 

1245 

11044 

59 

103 

113 

1916 

116 

130 

283 

6522 

209 

278 

208 

3669 

740 

1040 

925 

17591 

130 

131 

94 

794 

263 

173 

340 

6614 

227 

253 

943 

11628 

1688 

1566 

3931 

85570 

399 

388 

1283 

16656 

1068 

244 

2302 

13867 

337 

197 

943 

7998 

198 

158 

302 

2893 

1217 

241 

1811 

3189 

1291 

298 

3057 

392  7 

1109 

269 

1245 

2789 

1333 

217 

1472 

3879 

2001 

363 

8642 

5464 

113 

337 

358 

5632 

10 

136 

19 

427 

2954 

140 

0 

22677 

8 

47 

19 

456 

nil 

202 

472 

11201 

89 

143 

415 

12616 

35 

212 

0 

0 

668 

257 

906 

11024 

673 

225 

736 

14584 

425 

177 

528 

10581 

67 

120 

170 

2035 

678 

177 

528 

8730 

621 

280 

491 

11365 

43 

125 

57 

1455 

127 

55 

38 

1975 

1043 

191 

189 

7188 

234 

190 

75 

2763 

212 

120 

736 

11914 

24 

82 

38 

571 

2224 

315 

755 

7909 

1034 

144 

434 

8955 

183 

359 

189 

4839 

3245 

390 

1283 

1 7374 

87 

73 

208 

2198 

Anounta  Listed  are  for  one  (I)  unit;  multiply  by  Quantity  for  total  lift  requirement. 

^MT  - 58000  Bl  - 5%21  Sq  - 680760 
Computed  total*  have  been  adjusted  to  remove  obs«>lete  TAMs. 
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G. 


Assault  Follow-on  Echelon  Lift  Requirements 


AFOE  troop  list  and  lift  requirements  are  listed  in  Table  VII- 24. 

This  list  shows  the  cargo  configured  for  loading  in  common  user  sealift. 
The  mountout  is  computed  for  60  DOS  and  includes  45  DOS  for  the  AE.  An 
increased  lift  requirement  for  materiel  eliminated  from  the  AE  for  con- 
strained loading  is  included.  The  study  was  not  vitally  concerned  with 
the  AFOE  lift  requirements  beyond  establishing  if  a shipping  constraint 
would  exist  for  this  materiel  as  well. 

1.  Commerical  Ship  Assets 

Research  was  conducted  into  common  user  sealift  assets  that 
may  be  available  to  lift  a notional  AFOE  force.  Information  obtained'’’ 
indicated  that  over  60  commercial  ships,  on  the  average,  are  less  than 
six  days  from  the  ports  of  embarkation  usually  used  by  Marine  Corps  units. 
While  time  must  be  allowed  for  ship  unloading  before  they  are  available 
for  loading  AFOE  units,  sufficient  time  appears  to  exist  for  meeting  a 
30-day  warning  period  to  sailing  date.  Since  the  availability  of  these 
ships  depends  on  decisions  made  at  the  highest  national  level,  no  specula- 
tion on  ship  availability  is  presented  here.  Table  VlI-25  presents  a 
list  of  ship  capacities  obtained  from  data  supporting  the  study  in 
Reference  3 to  illustrate  ship  capacities  with  respect  to  AFOE  lift 
requirements.  Approximately  24  ships  from  this  list  are  needed  to  lift 
the  AFOE. 

2.  Common  User  Sea  Lift  Notional  Ship  Planning  Data 

Planning  data  obtained  from  NAVMAT  P4000-2  provides  the  notional 
lift  characteristics  for  common  user  sealift  assets.  Table  VII-26  gives 
an  analysis  of  the  notional  AFOE  lift  requirements  with  respect  to  common 
user  sealift  characteristics.  The  data  for  passenger  ships  includes 


Table  VII -24 

CSS  AFOE  LIFT  REQUIREMENTS 


Unit 

•k 

Quantity 

MT^ 

Pas 

Barre 

M4722 

1 

154 

16 

2 

M4392 

1 

561 

53 

8 

M0602F 

1 

30 

66 

0 

M8620X 

1 

5456 

325 

79 

M8621X 

3 

722 

115 

27 

M8710X 

1 

3967 

515 

95 

M3715X 

1 

50303 

503 

139 

M8714X 

1 

41585 

377 

116 

M3755N 

1 

21281 

253 

103 

M3751X 

1 

3550 

315 

41 

M3752X 

1 

7258 

139 

12 

M3851X 

3 

517 

71 

9 

M4903 

1 

194 

120 

3 

M4643N 

1 

24526 

264 

67 

M4644X 

1 

31014 

238 

57 

M4647X 

1 

3302 

156 

26 

M3853X 

1 

331 

103 

6 

M3854X 

1 

253 

239 

7 

M3753X 

1 

5629 

144 

24 

M3233N 

1 

3478 

158 

12 

M3247N 

1 

5839 

152 

63 

M3313N 

1 

527 

405 

10 

M3323N 

1 

1349 

142 

5 

M3343N 

1 

1661 

268 

10 

M3347X 

1 

2113 

379 

33 

M3443X 

1 

1311 

375 

17 

M3447N 

1 

3498 

521 

66 

M3442N 

1 

3861 

388 

38 

M3444N 

1 

448 

179 

6 

M3445N 

1 

392 

268 

4 

MO  70  2 

1 

388 

763 

0 

M0603F 

1 

13 

4 

0 

M8712 

1 

224 

4 

2 

M8652 

1 

2833 

122 

625 

M8780X 

1 

2184 

419 

634 

M8813X 

3 

1515 

449 

13 

M8855 

2 

7598 

227 

265 

M8857X 

2 

6632 

347 

382 

M8848X 

4 

3634 

377 

650 

M0605F 

1 

643 

77 

5 

■sV 

Amount  shown  Is  for  one.  (1) 
^MT  = 281,414  Barrels  = 6 

unit ; 
,356 

multi] 

Unit  Descriptor 

Cl  Team 

TOPO  Pit 

Det  Hq,  MAW 

H&S  Btry,  LAAM  Bn 

Missile  Btry,  LAAM  Bn 

H&MS,  MWSG 

Trans  Sqdn 

Engr  Sqdn 

Engr  Spt  Co,  Engr  Spt  Bn 
Bulk  Fuel  Co,  Engr  Spt  Bn 
Bridge  Co,  Engr  Spt  Bn 
Dental  Co 
MP  Co,  MP  Bn 
Trk  Pit,  Trk  Co 
Trans  Co,  MT  Bn,  FSSG 
H&S  Co,  MT  Bn,  FSSG 
Med  Co,  Med  Bn,  FSSG 
Hosp  Co,  Med  Bn,  FSSG 
Engr  Co,  Engr  Spt  Bn 
Det  MT  Malnt  Co 
H&S  Co  /-/  Malnt  Bn 

SiI^Ty  Co  /^'Supply^Bn--  

Ration  Co  /-/  Supply  Bn 
Ammo  Co  /-/  Supply  Bn 
H&S  Co,  Supply  Bn 
Comm  Co,  H&S  Bn,  FSSG 
H&S  Co,  Supply  Bn 
B&P  Co,  H&S  Bn 
MP  Co,  H&S  Bn,  FSSG 
Svc  Co,  H&S  Bn,  FSSG 
Mobile  Const  Bn 
Det  Hq,  MAW 
MWWU 

VMCJ  (7  RF-4/17  EA-6) 

VMGR  (12  KC-130) 

H-MS  MAG  (VA/VF) 

VMA  (20  A-4) 

VMA  (AW)  (12  A-6A) 

VMFA  (15  F-4J) 

Det  MWHS 

ly  by  Qty  for  total  lift  requirement) 
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Table  VII -25 

COMMERCIAL  SHIPS  AVAILABILITY  AND  CAPACITY 


Ship  No.* 

Days'^ 

Speed 

MT 

I 

6646 

1 

16.0 

18,400 

2 

8703 

2 

20.0 

16,284 

3 

10703 

2 

20.0 

19,233 

4 

30603 

2 

20.8 

27,055 

5 

30044 

1 

23.0 

20,441 

6 

29781 

2 

21.0 

27,050 

7 

9743 

2 

20.0 

16,275 

8 

29734 

2 

23.0 

20,441 

9 

6949 

2 

20.0 

15,850 

10 

22543 

2 

20.0 

14,586 

11 

15492 

1 

16.0 

20,268 

12 

6682 

1 

17.0 

18,792 

13 

6686 

2 

17.0 

28,631 

14 

11690 

2 

16.0 

18,639 

15 

11098 

1 

17.0 

31,789 

16 

60335 

2 

23.0 

25,672 

17 

32600 

2 

21.5 

34,100 

18 

31227 

1 

23.0 

44,690 

19 

37720 

2 

23.0 

25,672 

20 

62809 

2 

23.0 

44,609 

21 

63822 

2 

23.0 

35,000 

22 

63823 

1 

23.0 

35,000 

23 

30170 

2 

23.3 

38,473 

24 

11109 

2 

17.0 

19,000 

25 

21814 

2 

20.0 

13,643 

26 

28595 

2 

20.0 

23,670 

27 

13176 

2 

16.5 

19,825 

28 

11681 

2 

16.5 

19,825 

29 

6670 

3 

16.0 

18,400 

30 

6671 

3 

16.0 

18,400 

31 

5637 

3 

15.5 

24,847 

32 

11114 

3 

17.0 

18,792 

33 

37792 

3 

32.8 

58,375 

34 

27617 

3 

22.0 

32,395 

35 

33964 

3 

22.5 

41,415 

36 

22392 

4 

20.0 

18,443 

37 

21451 

4 

20.0 

19,425 

38 

25928 

4 

21.0 

18,300 
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Table  VII-25  (Concluded) 


Ship  No. 

Days 

Speed 

MT 

11107 

4 

17.0 

15,107 

60474 

4 

33.0 

58,375 

41 

22235 

4 

20.0 

16,072 

42 

60472 

5 

33.0 

58,375 

43 

30008 

5 

22.0 

33,275 

44 

13589 

5 

20.0 

27,591 

45 

29197 

5 

22.0 

33,275 

46 

31820 

5 

23.0 

44,690 

47 

28726 

5 

23.0 

29,315 

48 

62810 

5 

23.0 

44,609 

49 

62808 

5 

23.0 

44,609 

50 

61691 

5 

22.0 

43,388 

51 

36051 

5 

22.5 

41,415 

52 

35880 

5 

22.5 

41,415 

53 

37282 

5 

22.5 

41,415 

54 

11676 

5 

16.5 

19,825 

55 

27454 

6 

20.0 

18,747 

56 

25039 

6 

20.0 

18,747 

57 

11668 

6 

16.0 

17,330 

58 

11119 

6 

17.0 

31,789 

59 

60602 

6 

20.0 

16,072 

60 

38082 

6 

33.0 

58,375 

Source:  Project  SEA  EXPRESS’’. 

^Sailing  days  from  U.S.  (USMC  access)  ports. 


Table  VII-26 


AFOE  LIFT  REQUIREMENTS 

Passengers  = 13,011 
Measurement  Tons,  Cargo  = 306,036 
Barrels  of  Bulk  Fuel  = 635,600 

Notional  Ships  Required 

Passenger  Ships  = 9 
Cargo  Ships  = 40 
Tankers  = 3 
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2000  MTs  of  cargo,  in  addition  to  the  troop  lift  capacities.  On  the  basis 
of  this  planning  data,  a group  of  52  ships  would  be  required  to  lift  the 
AFOE. 


In  general,  the  fly-in  echelon  of  the  AFOE  would  require  sealift 
for  only  half  of  the  computed  cargo  for  those  units  of  the  fly  in 
echelon  in  Table  VII-24.  Cargo  reductions  for  the  airlift  portion  of 
these  units  could  be  accomplished  if  a detailed  loading  analysis  was 
desired. 


3.  Containerization 

The  problems  of  loading  AFOE  cargo  into  containers  for  lift  by 
container  ships  will  become  a problem  in  the  1980s,  Containers  were  not 
considered  in  this  study  due  to  the  emphasis  placed  on  the  assault  echelon 
by  the  study  objectives.  It  is  of  interest  to  note  that  the  MAGTF  System 
is  capable  of  determining  cargo  suitable  for  containerization  when  the 
need  should  arise. 

I . Summary 

The  materiel  presented  in  this  section  has  demonstrated  the  use  of 
GALAS  to  solve  the  constrained  amphibious  loading  problem  using  a systematic 
computerized  mathematical  methodology.  The  solution  procedure  included  the 
exercising  of  various  options  available  to  the  user  of  the  system.  These 
options  include  the  use  of  system  features  that  reduce  the  AE  either  by 
(1)  horizontal  cuts,  i.e.,  reducing  the  unit's  T/E  by  a series  of  constraint 
values  or  by  reducing  the  DOS  for  mountout;  by  (2)  vertical  cuts,  i.e., 
reducing  the  troop  units  of  the  force  from  those  to  be  loaded  into  assault 

i 

shipping;  or  (3)  by  a combination  of  both  options.  The  effect  of  varying  ' 

input  from  the  possible  need  to  increase  the  statement  of  mountout  to  be 
carried  by  the  AE  of  the  MAF  on  the  constrained  amphibious  lift  problem 
was  also  presented. 
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The  effect  of  combining  these  options  on  the  constrained  lift  problem 
is  demonstrated  in  Figure  VII-8,  where  the  following  options  were  exercised: 

(1)  Modified  troop  list 

(2)  Increased  mountout  from  Vietnam  data  and  an  extra 
battalion  of  tanks 

(3)  Weighted  application  of  constraints  to  unit  T/Es. 

The  CCF  model  run  using  these  options  provides  data  indicating  that 
a 78  percent  T/E  reduction  in  combination  with  the  first  two  options  was 
necessary  to  load  the  available  ships.  If  these  ships  quantities  are 
reduced  due  to  breakdown  or  enemy  action,  a greater  loading  problem  will 
exist . 

The  feasibility  of  vertical  cuts  of  the  AE,  which  are  really  units 
designated  for  phased  entry  into  the  objective  area  from  the  AFOE  support 
ships,  were  shown  to  be  dependent  on  the  unloading  times  necessary  for 
the  assault  shipping.  Simulation  results  showed  that  only  a 2-  to  3-day 
delay  may  be  required  before  phased  units  are  landed  and  deployed  ashore. 

The  application  of  GALAS  to  the  constrained  loading  problem  of  the  ' 

MAB  was  also  provided.  The  magnitude  of  the  constraints  necessary  to 

load  the  MAB  was  shown  to  be  dependent  on  the  size  of  the  force  structure  ’ 

selected  for  the  MAB.  The  supplies  and  equipment  to  accompany  the  notional 
troop  list  for  the  MAB  obtained  from  the  MAGTF  Lift  Model  resulted  in  lift 
requirements  too  large  for  a 34  ship  force. 

The  lift  problem  for  the  AFOE  was  shown  to  exist  without  the  need  to 
apply  GALAS.  Sufficient  ships  from  the  common  user  sealift  pool  exist  to 
lift  this  force.  The  need  for  timely  arrival  at  the  objective  area  to 
I begin  unloading  when  crews  and  landing  craft  are  available  cannot  be  over 

j emphasized.  This  facilitates  the  rapid  phasing  ashore  of  originally 

' designated  AE  units. 


VII-70 


J. 


Conclusions 


The  analysis  conducted  in  this  section  has  provided  support  for  the 
conclusions  presented  herewith.  The  subsections  from  which  these  conclusions 
derive  are  indicated. 

1.  The  lift  requirements  for  the  notional  MAF  AE  are  larger  than 
can  be  satisfactorily  reduced  by  applying  constraints  to  full  units  in 
order  to  fit  into  assault  shipping  capacity.  (Subsection  B,  page  28.) 

2.  The  use  of  GALAS  installed  within  an  automated  command  and 
control  system  provides  the  computational  support  necessary  to  system- 
atically determine  the  optimal  operationally  ready  force  in  a short 
period  of  time  during  the  planning  phase  of  an  amphibious  operation. 
(Subsection  B,  page  2.) 

3.  The  Constrained  T/E  Embarkation  Analysis  Model  using  the  crit- 
icality factors  denoting  all  items  importance  to  a unit's  function  provides 
a practical  systematic  methodology  for  reducing  a unit't  T/E  when  its  lift 
requirements  must  be  constrained  by  limited  assault  shipping  assets.  This 
analytical  procedure  may  also  be  used  to  compute  lift  requirements  for 
airlift  fc’hen  a percentage  reduction  of  unit  T/E  materiel  is  desired. 
(Subsection  B,  page  7.) 

4.  An  assessment  of  the  time  phased  deployment  ashore  possibilities 
for  combat  and  combat  service  support  units  within  the  MAGTF  Mission  pro- 
vides the  greatest  potential  for  optimizing  the  utilization  of  limited 
amphibious  assault  ship  assets.  (Subsection  C,  page  29.) 

5.  Based  on  GAMUT  simulation  results,  the  potential  for  landing 
the  AE  from  the  amphibious  assault  force  used  in  this  study  within  3 days 
is  a real  possibility.  (Subsection  D,  page  46.) 

6.  Units  may  begin  unloading  from  AFOE  support  ships  from  U+2  on. 
(Subsection  D,  page  46.) 
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?•  The  unloading  rates  simulated  by  GAMUT  can  be  supported  by  unit's 
handling  cargo  transfer  operations  at  the  beach.  (Subsection  D,  page  47.) 

8.  The  statement  of  mountout  for  supply  classes  IIW  and  VIIW 
computed  from  current  combat  active  replacement  factors  (CARF)  may  be 
inadequate  to  support  future  expected  combat  losses.  ( Subsection  E , page  51.) 

9.  The  practice  of  using  the  same  value  for  CARF  for  mountout 
calculations  regardless  of  the  different  missions  of  units  in  the  force 
results  in  an  inadequate  statement  of  mountout  or  prepositioned  war 
reserve  materiel.  (Subsection  E,  page  51.) 

10.  Significant  amphibious  lift  short  falls  will  exist  when 
attempting  to  load  a MAB  whose  troop  list  is  the  size  of  the  notional 
MAB  into  a 34-ship  force,  and,  to  a greater  extent,  a 21-ship  force. 
(Subsection  F,  page  51 .) 

11.  Sufficient  ships  are  available  to  lift  the  AFOE  of  the  MAF  from 
common  user  sealift  assets.  (Subsection  G,  page  69  .) 
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VIII  A WEIGHT  AND  CUBE  CONTROL  PROGRAM 


A.  Requirements 

The  third  objective  of  the  research  study  reported  on  herein  is  to 
determine  the  actions  necessary  to  establish  a viable  weight  and  cube 
control  program  for  landing  force  materiel.  The  purpose  of  this  program 
is  to  ensure  that  lift  requirement  considerations  be  given  major  atten- 
tion during  the  materiel  acquisition  process. 

B . Background 

For  many  years  materiel  acquisition  programs  have  been  the  subject 
of  continuing  analysis,  review,  and  evaluation.  The  addition  of  complex 
and  expensive  systems  and  materiel  has  continued  to  increase  significantly, 
to  a point  where  major  improvements  in  the  Marine  Corps'  Materiel  acquisi- 
tion process  are  essential  if  operational  readiness  is  to  be  maintained 
within  the  constraints  of  projected  scarce  resource  levels. 

A reduction  in  the  number  of  naval  ships  dedicated  to  amphibious 
operations  has  seriously  constrained  the  amount  of  amphibious  lift  of  the 
assault  echelon  (AE)  of  the  MAF.  Therefore,  it  is  important  that,  early 
in  the  acquisition  process,  individual  systems  or  items  of  materiel  be 
subjected  to  a logistic  supportability  evaluation.  Such  evaluations  should 
be  based  not  only  on  the  direct  effects  the  addition,  removal,  or  replace- 
ment of  new  items  of  materiel  have  on  the  total  weight,  square,  and  cube 
of  landing  force  materiel,  but  also  on  the  secondary  effects  of  fuel 
consumption,  repair  parts,  and  personnel  requirements. 
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Areas  of  Emphasis 

The  Marine  Corps'  acquisition  process  emphasizes  the  need  for  simu- 
lating, modeling,  and  prototyping  the  proposed  items  of  materiel  to 
demonstrate  their  overall  effect  on  the  Fleet  Marine  Force.  Early  applica- 
tion of  integrated  logistic  support  principles  is  stressed  in  the  acquisi- 
tion procedure, 

D.  Major  Materiel  Acquisition  Phases 

Normally,  an  item  of  materiel  slated  for  introduction  into  tlie  Marine 
Corps  progresses  through  the  four  following  phases  after  the  decision  to 
consider  the  item  for  acquisition  has  been  initiated; 

(1)  Conceptual  phase 

(2)  Full  scale  engineering  development  phase 

(3)  Production/procurement  phase 

(4)  Development  and  support  phase. 

Insofar  as  new  equipment  development  is  concerned,  the  most  important 
phase  for  weight  and  cube  considerations  is  the  conceptual  phase.  Here  explor- 
atory and  advanced  development  constitute  the  main  areas  of  investigation.  At 
this  stage  of  development,  the  new  item  will  be  sufficiently  defined  to  est- 
ablish weight,  dimensional  data,  and  operating  characteristics,  sucli  tliat 
estimates  of  fuel  requirements  and  repair  part  usage  may  be  established. 

The  CG  MCDEC  is  the  principal  agent  for  the  CMC  in  executing  the 
"conceptual  phase."  He  is  responsible  for  advising  the  CMC  of  the  results 
derived  from  this  phase  and  for  recommending  the  systems  and  items  of 
materiel  that  have  potential  application  to  the  Marine  Corps'  operational 
needs . 

It  logically  follows  that  the  CG,  MCDEC  would  be  a primary  user  of 
a weight  and  cube  control  program. 
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MAGTFs  Role  In  the  Materiel  Acquisttion  Process 


Program  MAGTF  is  ideally  designed  to  play  a major  role  in  the 
"conceptual  phase"  of  the  materiel  acquisition  process.  Already  included 
in  the  data  base  is  the  majority  of  the  information  needed  to  determine 
the  effects  of  new  materiel  acquisitions  upon  lift  requirements.  The 
MAGTF  data  base  contains  the  T/Os  and  T/Es  for  all  standard  and  nonstandard 
Marine  Corps  units.  As  explained  in  section  V,  the  data  base  contains 
physical  characteristics  of  each  T/E  item.  Therefore,  it  becomes  a 
relatively  simple  procedure  to  structure  notional  MAFs,  MABs,  and  MAUs 
to  conform  to  MMROP  and  MLRP  troop  lists  and  to  determine  the  overall 
effect  on  the  amphibious  lift  requirements  of  the  MAGTF  of  interest. 
Equally  simple  is  the  addition,  deletion,  or  replacement  of  items  within 
a unit's  T/E  and  the  alteration  of  their  physical  characteristics  within 
the  MAGTF  data  base  for  restructuring  the  unit. 

A notional  organization  such  as  a MAB  or  MAU  can  be  processed  through 
the  MAGTF  system  first  with  its  existing  T/E,  and  then  with  the  same  T/E 
altered  to  reflect  the  addition,  deletion,  or  replacement  of  items.  The 
impact  of  these  alterations  upon  the  overall  cube,  square,  and  weight  of 
the  organization  can  be  made  by  comparing  the  two  runs.  In  addition,  the 
secondary  effects,  such  as  fuel  consumption,  repair  part  consumption, 
replacement  quantities,  and  personnel  changes,  can  be  examined  from  the 
output  listings  of  Program  MAGTF. 

The  following  discussion  is  a step-by-step  description  of  how  the 
MAGTF  System  was  utilized  to  provide  a comparative  analysis  and  evaluation 
of  replacing  existing  shelters  and  shelter  transport  in  a notional  MAF 
with  a new  family  of  shelters,  along  with  the  transport  utilized  to  convey 
the  new  shelters.  The  principal  findings  from  this  analysis  will  be  the 
overall  effect  the  shelter  replacement  has  on  the  total  cube,  square,  and 
weight  of  the  MAF. 
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This  analysis  is  presented  to  show  the  role  that  Program  MAGTF  can  I 

play  in  both  the  "conceptual  phase"  of  the  materiel  acquisition  process 
and  in  a weight,  square,  and  cube  control  program.  Section  V has  already 
covered  the  results  of  this  effort. 

1.  Updating  MAGTF  SYSTEM  and  EQUIP  Files 

Before  Program  MAGTF  could  be  utilized  for  the  comparative 
analysis,  it  was  necessary  to  obtain  the  physical  characteristics  of  the 
new  shelters,  the  new  logistic  trailers,  and  the  new  6-ton  truck  tractor. 


Once  these  physical  characteristics  were  obtained,  VALU  cards 
were  prepared,  containing  this  dimensional  data,  then  the  MAGTF  EQUIP 
file  was  updated.  The  next  step  was  to  update  the  SYSTEM  File  with  the 
new  equipment.  In  the  cases  of  the  new  shelters,  the  individual  systems 
to  be  added  consisted  of  only  each  individual  new  shelter.  However,  in 
the  case  of  the  new  truck  tractor,  the  new  system  to  be  added  Included 
not  only  the  truck  tractor  but  also  fuel,  lube,  and  grease  consumption 
rates,  as  well  as  class  IX  usage  rates. 

After  updating  the  SYSTEM  and  EQUIP  Files,  Program  CREATE  was 
run  to  place  this  new  data  on  the  randomly  accessible  files  to  be  read 
by  Program  MAGTF. 

Figure  VIII-1  is  an  illustration  of  the  new  family  of  proposed 
Marine  Corps  shelters,  logistic  trailers,  and  truck  tractors. 

2.  Shelter  Replacement  Allowances 

A table  of  shelter  replacement  allowances  showing  for  each  exist- 
ing shelter  the  type  and  quantity  of  the  replacement  shelter(s)  was  con- 
structed. Table  VIII-1  is  an  extraction  from  that  table.  When  replacing 
existing  hard  shelters  it  was  sometimes  necessary  to  replace  one  existing 
shelter  with  two  or  more  replacement  shelters  to  ensure  equivalent  square 
foot  work  space  availability.  * 
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FIGURE  VIII-I,  PROPOSED  FAMILY  OF  SHELTERS  AND  TRANSPORT 
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Table  VIII-1 


SAMPLE  OF  EXISTING  HARD 
SHELTER/NEW  SHELTER  REPLACEMENT  ALLOWANCES 


T/E 

Existing 

Shelter 

Existing 

Replacement  Allowance 
★ 

* 

No. 

TAM  No. 

T/E  Allowance 

Knockdown 

Rigid  20'  EMI 

10'  EMI 

M1126 

E1036 

1 

2 

M1743 

A2320 

4 

4 

A2340 

2 

2 

A2350 

2 

2 

B1960 

1 

1 

B2595 

1 

1 

2 

D0270 

4 

8 

M4392 

B1312 

2 

4 

6 

M3253 

A0175 

2 

4 

A2696 

1 

1 

E1038 

1 

1 

EMI=electromagnetic  isolation 
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Table  VIII-1  is  an  example  of  how  the  replacements  are  made  for 
existing  shelters.  For  example,  unit  M1126  has  a T/E  quantity  of  one 
E1036,  a meteorological  station,  that  is  to  be  replaced  by  two  of  the 
new  rigid  shelters. 


Transport  Replacement  Allowances 


In  determining  the  new  logistic  trailer  replacement  allowances, 
the  rule  of  one  trailer  per  five  shelters  was  followed.  The  ratio  of  one 
truck-tractor  per  one  and  one-half  logistic  trailers  was  followed  in  deter- 
mining the  quantity  of  new  6-ton  truck -tractors  that  would  be  needed  to 
convey  the  new  shelters. 


A table  ''not  shown)  similar  to  Table  VIII-1  was  constructed, 
showing  the  transport  replacement  allowances  tor  each  T/E  transport  item 
affected  by  the  addition  of  the  new  shelters. 


Included  in  Table  VIII-2  are  quantities  of  the  TAM  items  of 
transport  to  be  deleted  from  a unit's  T/E,  along  with  the  replacement 
quantities  of  trailers  and  6-ton  truck- tractors . 


Vlll-7 


i 


SAMPy.E 

)W/\NCES  FOK  KXISTlNi;  H/\KD  SHELiEKS  AND  TRANSPORT  WITH 


TOTAL  AFnE 


r 


6 . MAGTF  Input 

Two  approaches  were  possible  in  using  Program  MAGTF  for  the 
shelter  analysis.  The  first  approach  was  to  run  the  assault  echelon  and 
then  the  assault  follow-on  echelon  of  the  MAF  with  the  existing  shelters, 
and  then  rerun  each  echelon  with  the  existing  shelters  and  transport 
deleted  and  the  new  shelters  and  transport  included.  The  big  disadvantage 
to  this  approach  was  the  long  running  time  and  the  larger  expense  of 
running  a full  MAF-sized  problem  through  MAGTF, 

The  second  approach  was  to  prepare  separate  runs;  the  first 
for  the  additions  to,  and  the  second  for  the  deletions  from  each  of  the 
echelons  of  the  MAF,  and  then  perform  a simple  subtraction  to  obtain  the 
net  effect  the  introduction  of  the  new  set  of  shelters  would  have  on  the 
square,  cube,  and  weight  of  the  assault  echelon  and  the  assault  follow-on 
echelon  of  the  MAF. 

Table  VIII-3  is  a partial  listing  of  the  MAGTF  input  data  deck 
for  each  of  the  four  MAGTF  runs  that  were  necessary  to  perform  this  analysis. 

7.  MAGTF  Output 

Tables  VIII-4,  5,  6,  and  7 contain  examples  of  the  output  of 
Program  MAGTF.  Although  the  results  of  all  four  runs  were  used  for  the 
analysis,  only  a small  portion  of  the  output  from  one  run  is  shown. 

The  reader  can  see  that  the  total  class  VII  square  computed 
using  the  existing  shelters  and  transport  shown  at  the  bottom  of  Table 
VIII-4  is  32,097  square  feet.  Comparing  this  number  with  the  result  of 
the  run  (not  shown)  using  the  new  replacement  shelters  and  transport,  an 
increase  is  found  of  about  8,500  square  feet  obtained  by  introducing  the 
new  shelter  system  into  the  assault  echelon. 

I 
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Table  VIlI-3 


MAGTF  INPUT  DATA  CARDS  FOR 
EXISTING/REPLACEMENT  SHELTER  ANALYSIS 


Run  I 


BASIC  UNIT  NAME 
SYSTEMS 
SYSTEMS 
SYSTEMS 


SHELTER-AE 

1 AOOlO 

2 A0060 
2 A0I75 


SYSTEMS 

ASSAULT  ECHELON  UNIT 


Run  2 


3 E1730 
SHELTER-AE 


Existing  Shelter 
and  Transport 
Deletions 


BASIC  UNIT  NAME 

SYSTEMS 

SYSTEMS 


SHELTER- AFOE 
5 A0270 
1 AIIIO 


SYSTEMS 

ASSAULT  ECHELON  UNIT 
STOP 


1 E1790 
SHELTER-AFOE 


Run  3 


BASIC  UNIT  NAME 

SYSTEMS 

SYSTEMS 


ASSAULT  ECHELON  UNIT 


NEW-AE-SHELTERS 
45  NEWLOGTRLRS 
83  NEW  SHLTR-RIGID 


NEW-AE-SHELTERS 


New  AE 
Shelter 
and  Transport 
Additions 
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Table  VII-3  (Concluded) 


MAGTF  INPUT  DATA  CARDS  FOR 
EXISTING/REPLACEMENT  SHELTER  ANALYSIS 
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general  cargo  for  SHELTEH-AE 


read  an  input  Caro,  capo  is... stop 


LANDING  FOHCF  SUPPLIES 


This  procedure  was  repeated  to  find  the  square  increase  in  the 
assault  follow-on  echelon.  Similar  calculations  are  made  for  cube  and 
weight.  Additionally,  fuel  consumption  and  repair  part  utilization  can 
be  compared  in  an  identical  manner. 

F.  The  Effect  of  Introducing  the  Proposed  New  Shelter  System  Into 

the  Lift  Requirements  of  the  Notional  MAF 

If  the  new  system  of  shelters  is  adopted  by  the  Marine  Corps,  the 
following  impacts  on  the  lift  requirements  of  the  notional  MAF  will  result. 
These  impacts  are  derived  from  a comparative  analysis  between  the  existing 
system  and  the  replacement  system  of  shelters  using  Program  MAGTF. 

• An  increased  8,500-square-foot  lift  requirement  for  the 
assault  echelon 

• An  increased  5,400-square-foot  lift  requirement  for  the 
assault  follow-on  echelon 

• An  increased  13,900-square-foot  lift  requirement  for 
the  entire  MAF 

• A 25  percent  increase  in  the  gallons  of  fuel  required 
for  both  the  assault  echelon  and  the  assault  follow-on 
echelon  of  the  MAF 

• An  increased  1,900-cubic-foot  lift  requirement  for  the 
assault  echelon 

• An  increased  600-cubic  foot  lift  requirement  for  the 
assault  follow-on  echelon. 

The  increases  in  square  and  bulk  resulting  from  the  introduction  of 
the  new  shelter  system  were  judged  to  be  insignificant  when  compared  with 
the  total  lift  requirements  of  all  landing  force  materiel  in  the  MAF. 

The  Increase  in  fuel  requirements  was  found  to  be  the  result  of  free- 
ing transports  that  were  previously  dedicated  to  shelters  by  introducing 
trailers  to  convey  the  new  shelters  by  the  use  of  the  6-ton  tractor. 

Unlike  the  old  dedicated  vehicles,  the  new  6-ton  tractor  is  capable  of 
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assisting  in  other  logistic  needs  when  not  pulling  trailers  loaded  with 
shelters.  As  a result,  the  new  truck  tractor  is  used  many  more  hours 
per  day  than  the  dedicated  vehicles  and,  therefore,  consumes  more  fuel. 

G.  Conclusions 

1.  The  comparative  analysis  between  the  existing/replacement 
shelter  systems  performed  with  the  assistance  of  Program  MAGTF  to  deter- 
mine the  effects  upon  amphibious  shipping  requirements  has  demonstrated 
the  usefulness  of  the  program  in  a cube,  square,  and  weight  control 
program. 

2.  The  "conceptual  stage"  of  system  and  materiel  acquisition  by 
the  Marine  Corps  could  utilize  Program  MAGTF  to  determine  the  total 
effects  of  the  new  acquisition  on  the  lift  requirements  of  the  MAF. 

3.  The  utility  of  Program  MAGTF  may  also  be  used  in  the 
"conceptual  phase"  of  system  and  materiel  acquisition  to  investigate  the 
secondary  effects  of  the  acquisition,  such  as  fuel  consumption,  repair 
parts  requirements,  anmunition  consumption,  and  personnel  requirements. 


IX  AMPHIBIOUS  STAFF  PLANNING  AND  THE  CONSTRAINED 
AMPHIBIOUS  LIFT  ANALYSIS  SYSTEM  (1985) 


A,  General 

The  Constrained  Amphibious  Lift  Analysis  System  (CALAS)  developed 
during  the  course  of  conducting  the  Materiel  Weight  and  Cube  Control 
Study  provided  a systematic  computational  procedure  to  optimize  the 
operational  readiness  of  a MAGTF  when  required  to  be  embarked  into  less 
amphibious  assault  shipping  than  needed  for  the  specified  MAGTF  materiel. 
At  the  beginning  of  the  project,  no  attempt  was  made  to  develop  computer 
software  requiring  installation  on  a Marine  Corps  computer  system.  Those 
computer  programs  planned  for  development  within  the  study  were  expected 
to  be  used  to  analyze  data,  perform  necessary  calculations,  and  to  pro- 
vide information  necessary  to  gain  insight  into  the  complex  problems 
presented  by  the  study  objectives.  However,  the  solution  to  the  problem 
of  finding  a practical  means  of  temporarily  eliminating  items  from  unit 
T/Es  necessary  to  reducing  units'  cargo  requirements  without  decreasing 
the  real  operational  readiness,  resulted  in  the  development  of  the 
Constrained  t/e  Embarkation  Analysis  Model  whose  capabilities  became 
practical,  relatively  easy  to  use,  and  produced  useful  results  in  the 
constrained  T/E  listings  and  computed  ordinal  operational  readiness 
index.  With  this  development  late  in  the  study,  the  framework  for  a 
solution  procedure  involving  all  the  earlier  computer  models  was  identi- 
fied in  such  a way  that  the  entire  group  of  computer  models  formed  the 
system  called  CALAS.  It  was  then  determined  that  CALAS  was  the  type  of 
system  that  could  be  installed  as  a computer  assisted  decision  aid  to 
the  amphibious  staff  planner,  where  the  computational  power  of  its  models 
could  be  combined  with  the  experience  and  judgment  of  the  commander  and 


staff,  to  rapidly  Identify  the  extent  of  a constrained  ship  loading 
problem  for  any  size  MAG'IT,  and  then  find  the  best  solution  within  the 
existing  constraints. 


llie  difficulties  associated  with  installing  and  utilizing  computer- 
ized mathematical  models  developed  during  operations  research  studies  for 
Headquarters,  U.S.  Marine  Corps,  is  well  recognized.  IJhile  no  deliberate 
attempt  was  initially  made  to  provide  models  requiring  such  installation 
in  an  environment  having  no  organization  to  perform  such  functions,  the 
obvious  long  term  usefulness  of  GALAS  requires  that  a computer  environ- 
ment be  identified  for  it  to  operate  within.  Furthermore,  the  solution 
options  offered  in  this  study  for  loading  the  notional  CSS  MAF  into 
constrained  shipping  are  certainly  of  interest  in  emphasizing  the  nature 
of  problems  to  be  faced  by  MAF  commanders.  However,  the  availability  of 
GALAS  to  actually  assist  the  commander  and  his  staff  in  solving  a real 
time  problem  is  of  much  greater  importance.  Therefore,  installation  of 
GALAS  in  some  USMC  computer  environment  today  and/or  in  the  future 
demands  careful  consideration, 

B.  GALAS  Within  an  Automated  Command  and  Control  System 

The  definition  of  the  future  Automated  Data  Systems  (ADS)  to 
support  Marine  Corps  information  requirements  is  now  being  analyzed 
within  on-going  studies.  The  development  of  the  Marine  Tactical 
Command  and  Control  System  (MTACCS)  is  also  in  progress.  While  it  is 
not  possible  to  state  the  precise  computer  hardware/ software  structure 
that  these  systems  may  ultimately  take,  the  residence  of  a software  sys- 
tem such  as  GALAS  within  the  future  ADS  structure  is  entirely  feasible. 

It  is  the  operational  configuration  of  the  future  ADS  structure  to 
support  GALAS  that  is  proposed  in  the  following  discussion.  Whether 
there  will  be  one  Management  Information  System  (MIS)  supporting 
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administrative  information  requirements  and  the  subsystems  comprising 
MTACCS  being  available  in  garrison  and  deployed,  or  two  separate  systems 
each  supporting  specifically  designated  subsystems  operating  side  by  side 
is  not  of  concern  to  this  presentation. 

1.  GALAS  and  MIS 

The  time  is  1985.  A warning  order  has  been  received  by  CG  of 
the  MAF  involving  a possible  combat  mission  for  a MAGTF  to  deploy  by  sea 
to  a specified  area  in  the  world. 

The  commander  and  his  staff  select  a troop  list  to  execute  the 
mission.  The  G-4  prepares  an  input  list  for  the  MAGTF  subsystem  within 
GALAS  to  generate  the  lift  requirements.  A computer  terminal  placed  in 
the  G-4  office  is  used  to  input  the  troop  list  and  the  necessary  days  of 
supply  formatted  for  the  MAGTF  Program.  When  the  input  list  is  entered, 
the  G-4  operator  executes  the  MAGTF  Program.  The  version  installed  has 
been  modified  so  that  it  executes  in  less  than  three  hours,  depending  on 
the  number  of  units  in  the  troop  list.  Should  the  force  be  a MAF,  then 
the  MAGTF  run  would  consist  of  only  the  assault  echelon  units  so  that 
output  would  be  immediately  available  for  determining  the  assault  ship- 
ping requirements.  The  run  for  the  AFOE  would  be  executed  at  a later 
time. 

In  this  environment,  the  MAGTF  output  listings  would  be  directed 
to  be  printed  at  the  Force  Automated  Services  Genter  (FASG),  if  desired, 
but  any  page  of  the  printed  listing  could  be  presented  on  the  computer 
terminal  scope--also  when  desired.  A disk  file  would  have  been  created 
by  the  MAGTF  Program  containing  the  factored  cargo  data  needed  for  input 
to  the  Gonstrained  Gargo  Factoring  Model  (GGF). 

The  G-4  determines  from  the  Gommander  Amphibious  Task  Force 
(GAIT)  or  appropriate  type  commander  the  number  of  amphibious  assault 
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ships  Co  be  made  available.  With  this  information,  the  input  ship  file 
(wtiich  always  contains  all  USN  available  ships  on  the  MIS)  for  the  CCF 
Model  is  modified  for  the  simulated  loading  problem.  The  G-4  operator 
then  executes  the  CCF  Model  for  no  constrained  loading  unless  previous 
experience  indicates  a lift  short  fall  will  be  certain.  In  this  case, 
the  CCF  Model  can  be  run  with  constrained  values  from  100  to  60,  or  as 
desired  by  varying  the  constraint  file  within  the  MIS  through  the  terminal. 
The  results  from  the  CCF  Model  are  printed  on  the  scope,  and  the  G-4 
observes  that  a short  fall  of  some  significant  magnitude  exists.  He  also 
observes  the  short  fall  computed  from  each  constraint.  He  finds  that, 
after  constraining  Che  T/E  by  70  percent,  all  the  ships  are  loaded. 

However,  he  would  like  to  rerun  the  CCF  Model,  changing  the  DOS  for 
mountout.  After  observing  the  combined  effect  of  constraining  unit  T/Es 
and  reducing  mountout,  he  now  examines  Che  constrained  T/E  listings  for 
any  units  of  interest  as  computed  from  the  Constrained  T/E  Embarkation 
Analysis  Model  (CTEAM)  for  the  constraints  used.  These  listings  indicate 
the  equipment  to  be  eliminated  from  the  unit  load  and  put  in  assault 
shipping,  be  left  behind,  or  carried  in  follow-on  shipping. 

In  reviewing  the  eliminated  T/E  listing  of  units  for  the 
constraint  value  of  interest,  any  TAM  items  designated  for  elimination 
that  the  staff  planner  considers  essential  for  the  mission  assigned  can 
have  their  criticality  factor  changed  within  the  input  file  for  the  CTEAM 
Model.  The  mcdel  can  continue  to  be  reprocessed  until  the  unit  or  units 
eliminated  T/E  listing  meets  the  needs  of  the  mission. 

After  making  T/E  adjustments  and  reviewing  results,  the  G-4 
may  now  present  recommenda tions  to  the  CG  for  alterations  of  the  troop 
list  based  on  the  results  produced  by  GALAS,  Depending  on  the  CG's 
decision,  the  G-4  may  either  have  an  acceptable  constrained  loading 
problem  solution  or  be  required  to  make  further  adjustments  to  the  troop 


IX -4 


list  and  resolve  tlie  problem,  in  total  or  only  partially,  through  CAIAS. 
lie  is  now  ready  to  issue  the  warning  order  to  subordinate  commands.  The 
important  fact  is  that  all  these  calculations  and  adjustments  were  made 
in  less  than  5 hours. 

At  each  level  of  command,  the  same  type  of  terminal  is  avail- 
able to  the  staff,  and  the  constrained  loading  problem  may  be  solved  for 
a reduced  size  problem  pertinent  to  each  command  level.  For  instance, 
the  CO  BLT  may  be  interested  in  looking  at  the  T/E  presented  by  the 
MAGTF  Program  to  compare  the  lift  requirement  developed  from  authorized 
allowances  for  an  infantry  battalion  with  what  he  has  on  hand  for  some 
appropriate  action.  The  criticality  factors  used  in  the  system  may  be 
of  more  interest  to  this  level  and  could  be  altered  as  needed  to  recom- 
pute the  constrained  T/E  from  the  latest  adjustments. 

The  description  presented  here  assumed  that  all  programs 
constituting  GALAS  were  installed  on  the  MIS,  that  all  data  files  were 
resident  on  the  MIS  data  base  and  accessed  by  the  programs  as  needed, 
that  all  system  job  control  commands  were  resident  on  the  system,  and 
that  execution  commands  were  structured  to  be  easily  used  by  terminal 
operators.  Nothing  presented  here  is  beyond  the  current  technical 
operational  capability  of  USMC  computer  systems. 

2 . Development  of  MIS  Information  Requirements 

Studies  conducted  to  develop  information  requirements  for  an 
MIS  have  had  great  difficulty.  Perhaps  an  approach  to  determining  MIS 
requirements  is  the  study  of  problems  within  functional  areas  seeking 
useful  solution.  As  in  this  study,  the  definition  of  information  require- 
ments that  may  be  incorporated  into  an  MIS  may  very  well  arise  from 
independent  study  of  the  functional  problem..  This  approach  may  suggest 
the  procedure  to  follow  in  defining  information  requirements  for  other 

t 

functional  problems. 
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C.  Implementation  Cons Ideratlons 


As  previously  indicated,  installation  of  GALAS  on  a USMC  computer 
system  is  entirely  possible.  It  could  be  installed  in  the  current  MAF 
FASC  environment  and  converted  later  to  an  MIS  environment.  There  are 
a number  of  implementation  tasks  that  would  have  to  be  accomplished. 
These  tasks  are  briefly  described  below. 

1 . Program  Conversion  to  IBM  360 

All  GALAS  programs  were  developed  to  support  the  analysis  of 
the  current  study,  and  were  written  for  the  CDC  6400  SRI  computer. 
Certain  program  statements  would  have  to  be  modified  and  tested  for  an 
IBM  360  before  installation. 

2.  MAGTF  Improvement  Project 

The  current  version  of  the  MAGTF  Program  is  still  less 
efficient  than  is  possible  for  minimum  time  operation.  A proposal  has 
been  submitted  to  HQMC  to  conduct  the  improvement  task  so  that  the  sys- 
tem could  operate  efficaciously  on  the  MAF  computers. 


3.  MAGTF  Data  Base  Maintenance 


The  validity  of  GALAS  depends  on  the  accuracy  of  the  MAGIT 
data  base.  MAGTF  has  been  operational  for  just  over  one  year.  Experi- 
ence gained  during  this  period  has  demonstrated  the  need  to  have  an  on- 
going program  to  maintain  the  currency  of  the  files.  SRI  has  also 
submitted  a proposal  to  provide  maintenance  support  for  this  effort. 
Included  in  this  proposal  are  certain  modifications  to  the  peripheral 
programs  updating  the  data  base  that  will  improve  completeness  and 
reduce  the  current  level  of  manual  update  requiremJ^ts . 


J 


lX-6 


Development  of  Criticality  Factors  for  All  FMF  T/Es 


For  the  current  study,  only  a sample  of  10  units  were  coded 
which  assigned  criticality  factors  to  TAM  items  in  the  T/Es.  This  coding 
was  all  done  to  current  unit  T/Es.  Since  the  shift  to  the  new  CSS  struc- 
ture for  the  final  analysis  of  the  study,  these  coded  T/Es  were  also 
obsolete,  but  had  to  be  used.  For  implementation,  all  current  FMF  T/Es 
would  have  to  be  coded  using  the  same  guidance  followed  during  this 
study. 


There  will  no  doubt  be  additional  tasks  defined  for  system 
implementation  should  a detailed  study  of  requirements  be  authorized. 

4 

D.  Conclusions 


The  following  conclusions  from  this  section  are  presented. 

(1)  It  is  feasible  to  implement  CALAS  on  USMC  computer  sys- 
tems to  function  as  a computer  assisted  decision  aid. 

(2)  Current  USMC  computer  installation  work  loads  will 
dictate  the  timing  of  installing  CALAS  on  USMC 
computci,r  systems. 


) 


i 
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Appendix  B 

TROOP  LISTS  AND  SAMPLE  MAGTF  OUTPUT 
Part  1;  Troop  Lists 


MARINE  AMPHIBIOUS  FORCE  (MAF)  TROOP  LIST 
FOR  MAGTF  LIFT  REQUIREMENTS 
(NOTIONAL  MAF) 


-* 

Assault  Echelon:  Command  Element 


r/0  No. 

Unit  Type  Code  Mu  1 tipi 

e Unit  Descriptor 

4623M 

PTLAA 

1 

For  Recon  Co 

4722M 

PYDAA 

2 

Cl  Team 

4732M 

PUEA4 

2 

see  Team 

4918M 

CS2AA 

1 

HQ  MAF 

4919M 

9BUAA 

1 

H&S  Co,  MAF 

4998M 

VYBAA 

1 

Civil  Affairs  Group 

Radio  Bn 

4735M 

PUlAB 

1 

EW  Co 

4735A 

PU2AB 

1 

Aug  EW  Co 

4736M 

PU3AB 

1 

Opns  Co 

4736A 

PU4AB 

1 

Aug  Opns  Co 

4737M 

PU5AB 

1 

H&S  Co 

4737A 

PUBAB 

1 

Aug  H&S  Co 

Communications  Bn 

4863M 

6UNAA 

1 

Comm  Spt  Co 

4873M 

6UMAA 

1 

Long  Lines  Co 

4883M 

9UKAA 

1 

Comm  Co 

4886M 

9UJAA 

1 

HQ  Co 

* 

MAGTF 

data  base  designation 

for 

entire  Command  Element: 

T/0  No.  = CMD-GP 

Unit  type  code  = CS2AA 
Multiple  = 1 


i- 
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Assault  Echelon;  Ground  Combat  Element 


T/0  No. 

Unit  Type  Code  Multiple 

Unit  Descriptor 

Marine  Division  /-/ 

1038M 

9GUAA 

9 

Inf  Bn,  Inf  Regt 

1096m 

9GSAA 

3 

HQ  Co,  Inf  Regt 

1128M 

9HLAA 

3 

D/S  Arty  Bn,  Arty  Regt 

1196M 

9HEAA 

1 

HQ  Btry,  Arty  Regt 

1378M 

4HTAA 

1 

Engr  Bn,  MARDIV 

1423M 

PHRAA 

4 

Recon  Co,  Recon  Bn 

1427M 

9HQAA 

1 

H&S  Co,  Recon  Bn 

1653M 

UJUAA 

3 

Truck  Co,  MT  Bn 

165  7M^ 

9JTAA 

1 

H&S  Co,  MT  Bn 

188 3M* 

6GJAA 

1 

Comm  Co,  HQ  Bn 

1903M* 

QGHAA 

1 

MP  Co,  HQ  Bn 

1985M* 

9GGAA 

1 

Serv  Co,  HQ  Bn 

1986M* 

M1986 

1 

Div  HQ,  HQ  Co,  HQ  Bn 

1987M* 

9GLAA 

1 

HQ  Co,  HQ  Bn 

Tank  Bn 

4233M 

2SRAA 

4 

Med  Tank  Co 

4237M 

9SNAA 

1 

H&S  Co,  Tank  Bn 

AMTRAC  Bn 

4652M 

2TXAB 

4 

AMTRAC  Co 

4654m 

9TWAA 

1 

H&S  Co,  AMTRAC  Bn 

Field 

Artillery  Group 

4112m 

ISHGA 

1 

8"  How  Btry 

4193M 

ISKGA 

2 

175  Gun  Btry 

4201M 

lYKAA 

1 

Searchlight  Btry 

4226M 

9SGAA 

1 

HQ  Btry,  FAG 

•k 

MAGTF  data  base  designation  for  all  units  noted; 
T/0  No.  = 1998M 

I Unit  type  code  = 9GDEJ 

Multiple  = 1 


Assault  Echelon:  Aviation  Combat  Element 


T/O  No.  Unit  Type  Code  Multiple  Unit  Descriptor 

0601F  CLDAA  1 HQ  /-/  Marine  Air  Wing 

0604F  8LKAA  1 MWHS  /-/ 


Marine  Air 

Control 

Group 

8612M 

8LZAA 

1 

MWCS 

8615M 

8LPAA 

1 

H&HS,  MACG 

8625M 

3LTAA 

1 

FAAD  Btry 

8631M 

7LSAA 

1 

MACS/MTDS 

8640M 

7LRAA 

1 

MASS,  MACG 

2nd  Marine  Air  Grour 


8621M 

3LYAA 

1 

Missile  Btry,  LAAM  Bn 

8821M 

7NLAA 

2 

MATCU 

8859M 

3NSAA 

1 

VMA  (V)  (20AV-8A) 

8914M 

8PCAA 

2 

H/MS  (single  site) 

8921M 

8PDAA 

2 

MABS  (single  site) 

8937M 

3PNAA 

3 

HMM  (18  CH-46) 

8944M 

3PLAA 

3 

HMH  (18  CH-53A) 

8964M 

3PQAA 

2 

HMM  (21  UH-IN) 

8968M 

3PFAA 

1 

VMO  (18  OV-lOA) 

8970M 

3PUAB 

1 

HMA  (18  AH-IJ) 

J 


Assault  Echelon;  Combat  Service  Support  Element 


1 


/O  No. 

Unit  Type  Code 

Multiple 

Unit  Descriptor 

Medical  Bn 

1523M 

FJQAA 

4 

C/C  Co,  Med  Bn 

1557M 

9JPAA 

1 

H&S  Co,  Med  Bn 

Service  Bn 

0300F 

MO  300 

1 

HQ  Force  Log  Serv 

0301F 

JJEAA 

1 

Supply  Co,  Serv  Bn 

0303F 

9JBAA 

1 

H&S  Co,  Serv  Bn 

1743M 

HJFAA 

1 

Maint  Co,  Serv  Bn 

1753M 

UJCAA 

1 

Truck  Co,  Serv  Bn 

Shore 

Party  Bn 

1863M 

9JKAA 

3 

SP  Co,  SP  Bn 

1867M 

9JJAA 

1 

H&S  Co,  SP  Bn 

Military 

Police  Bn 

4903M 

QURAA 

3 

MP  Co,  MP  Bn 

4907M 

9UQAA 

1 

H&S  Co,  MP  Bn 

Engineer  Bn 

0305F 

9SYAA 

1 

Serv  Co  /-/  Engr  Bn 

0307F 

9SXAA 

1 

HQ  Co  /-/  Engr  Bn 

4353M 

4SZAA 

2 

Engr  Co,  Engr  Bn 

Det  Force 

Service  Regt 

0312F 

HVTGA 

1 

Det  MT  Maint  Co 

0314F 

9VSAA 

1 

Det  H&S  Co,  Maint  Bn 

0322F 

JVLAA 

1 

Det  Supply  Co,  Sup  Bi 

0324F 

JVPA^ 

1 

Det  Ration  Co 

0326F 

JVMAA 

1 

Det  Ammo  Co 

0332F 

JVGAA 

1 

Det  Support  Co 

0701F 

M0701 

1 

Naval  Beach  Group 

3223M 

HVYGA 

1 

Ord  Maint  Co 

3243M 

HVQGA 

1 

Engr  Maint  Co 

3253M 

HVUGA 

1 

Elec  Maint  Co 

3333M 

JVNAA 

1 

Bulk  Fuel  Co 

Total  Assault  Echelon 


r 
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Assault  Follow-On  Echelon:  Command  Element 


T/O  No.  Unit  Type  Code  Multiple  Unit  Descriptor 

4392M  4TBAA  1 TOPO  Pit 

4722M  PYDAA  1 Cl  Team 


Assault  Follow-On  Echelon:  Aviation  Combat  Element 


T/O  No. 

Unit  Type  Code 

Multiple 

Unit  Descriptor 

0602F 

CLDAA 

1 

Det  HQ  MAW 

0605F 

8LKAA 

1 

Det  MWHS 

8820M 

8NKAA 

3 

MABS,  MAG  VA/VF/VA  (AW) 

LAAM 

Bn 

8620M 

8LXAA 

1 

H&S  Btry,  LAAM  Bn 

8621M 

3LYAA 

2 

Missile  Btry,  LAAM  Bn 

MWSG  /-/ 

8710M  8MLAA  1 H&MS,  MWSG 

8715M  8MNAA  1 WERS 


Assault  Follow-On  Echelon;  Combat  Service  Support  Element 


T/0  No. 

Unit  Type  Code  Multiple 

Unit  Descriptor 

3333P 

JTCAA 

1 

Sep  Bulk  Fuel  Co 

4343M 

4SUAA 

1 

Bridge  Co 

4512M 

FTGAA 

1 

Hosp  Co 

4552M 

FTFAA 

4 

Dental  Co 

4592M 

FJJAA 

1 

Sep  Surgical  Co 

4903M 

QURAA 

1 

MP  Co 

Det 

Service  Bn 

0302F 

JJEAA 

1 

Det  Sup  Co 

0304F 

9JBAA 

1 

Det  H&S  Co 

Motor 

Transport  Bn 

4643M 

UTSAA 

3 

Truck  Co 

4644M 

UTRAA 

1 

Transport  Co 

464  7M 

9TQAA 

1 

H&S  Co 

Engineer  Bn 

0306F 

9SYAA 

1 

Det  Service  Co 

0308F 

9SXAA 

1 

Det  HQ  Co 

4353M 

4SZAA 

2 

Engr  Co 

Force  Service  Rest  /-/ 


0313F 

HVTGA 

1 

MT  Maint  Co  /-/ 

0315F 

9VSAA 

1 

H&S  Co  /-/  Maint  Bn 

0323F 

JVLAA 

1 

Supply  Co  /-/  Supply  Bn 

0325F 

JVPAA 

1 

Ration  Co  /-/  Supply  Bn 

0327F 

JVMAA 

1 

Ammo  Co  /-/  Supply  Bn 

0333F 

JVGAA 

1 

Support  Co  /-/  H&S  Bn 

0702F 

M0702 

1 

Mobile  Constr  Bn 

3213M 

HVXGA 

1 

GS  Supply  Maint  Co 

3346M 

9VKAA 

1 

H&S  Co,  Supply  Bn 

3403M 

JVHAA 

1 

Longshoreman  Co,  H&S  Bn 

3413M 

UVEAA 

1 

Truck  Co,  H&S  Bn 

3443m 

6VFAA 

1 

Comm  Co , H&S  Bn 

344  7M 

9VDAA 

1 

H&S  Co,  H&S  Bn 

- Total  Assault  Follow-On  Echelon 


I 


Fly-In  Echelon;  Aviation  Combat  Element 


I 


T/0  No. 

Unit  Type  Code 

Multiple 

Unit  Descriptor 

0603F 

CLDAA 

1 

Det  HQ  Marine  Air  Wing 

8652M 

3QJAB 

1 

VMCJ  (7  RF-4,  7 EA-6) 

8712M 

8LEAA 

1 

MWWU 

8780M 

3MQAA 

1 

VMGR 

8821M 

7NLAA 

3 

MATCU 

Det  3rd  Marine 

Air  Group  (VF/VA) 

8813M 

8NJAA 

3 

H-MS  MAG  (VA/VF) 

8849M 

3NMAC 

4 

VMFA  (15  F-4J) 

8855M 

3NSAB 

2 

VMA  (20  A-4) 

8857M 

3NUAA 

2 

VMA  (AW)  (12  A-6A) 

8859M 

3NSAA 

1 

VMA  (V)  (20  AV-8A) 

- Total  Fly-In  Echelon 
***  Total  Notional  MAF  *** 
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MARINE  AMPHIBIOUS  FORCE  (MAF)  TROOP  LIST 
FOR  MAGTF  LIFT  REQUIREMENTS 
(CSS  NOTIONAL  MAF) 


CSS  Assault  Echelon:  Command  Element 


T/O  No.  Unit  Type  Code  Multiple  Unit  Descriptor 

* 

CMD-GP  CS2AA  I Command  Group 


MAGTF  data  base  designation  "CMD-GP"  includes  all  units 
noted  in  the  notiona’  MAF  shown  in  Part  1 of  this  appendix. 


CSS 

Assault  Echelon: 

Ground  Combat  Element 

T/0  No. 

Unit  Type  Code 

Multiple 

Unit  Descriptor 

1038M 

9GUAA 

9 

Inf  Bn,  Inf  Regt 

1096M 

9GSAA 

3 

HQ  Co,  Inf  Regt 

1128M 

9HLAA 

3 

D/S  Arty  Bn,  Arty  Regt 

1196M 

9HEAA 

1 

HQ  Btry,  Arty  Regt 

1363X 

4HYAA 

1 

Engr  Spt  Co,  Cbt  Engr  Bn, 

1373X 

4HWAA 

4 

Engr  Co,  Cbt  Engr  Bn,  DSG 

1377X 

9HHAA 

1 

H&S  Co,  CBT  Engr  Bn,  DSG 

1423M 

PHRAA 

4 

Recon  Co,  Recon  Bn 

1427M 

PHQAA 

1 

H&S  Co,  Re con  Bn 

1862X 

UJUAA 

1 

Truck  Co,  H&S  Bn,  DSG 

1863X 

9JYAA 

1 

Log  Spt  Co,  H&S  Bn,  DSG 

1864X 

M1864 

1 

Svc  Co,  H&S  Bn,  DSG 

186  7X 

M1867 

1 

HQ  Co,  H&S  Bn,  DSG 

1988M 

9GDEJ 

1 

HQ  Bn,  MARDIV 

4112M 

ISHGA 

1 

8"  How  Btry 

4193M 

ISKGA 

2 

175  Gun  Btry 

4201M 

lYKAA 

1 

Searchlight  Btry 

4226M 

9SGAA 

1 

HQ  Btry,  FAG 

4233M 

2SKAA 

4 

Medium  Tank  Co 

4237M 

9SNAA 

1 

H&S  Co,  Tank  Bn 

4623M 

M4623 

1 

Force  Recon  Co 

4643F 

M4643 

1 

Det  Trk  Co,  MT  Bn 

4652M 

2TXAB 

4 

AMTRAC  Co  (LVTP-7) 

4654M 

9TWAA 

1 

H&S  Co,  AMTRAC  Bn 

DSG 


B-10 


css  Assault  Echelon:  Combat  Service  Support  Element 

T/O  No.  Unit  Type  Code  Multiple  Unit  Descriptor 


0305F 

9SYAA 

1 

0307F 

9SXAA 

1 

0701F 

M0701 

1 

3223X 

HVYGA 

1 

3233F 

HVTGA 

1 

3243X 

HVWGA 

1 

3247F 

M3247 

1 

3253X 

HVUGA 

1 

3313F 

M3313 

1 

3323F 

M3323 

1 

3343F 

M3343 

1 

344  2F 

M3442 

1 

344  7F 

M3447 

1 

3751X 

M3751 

1 

3753X 

4SZAA 

2 

3851X 

FTFAA 

1 

3853X 

FJQAA 

4 

3857X 

9JPAA 

1 

4903M 

QURAA 

3 

4907M 

9UQAA 

1 

Spt  Co  /-/  Engr  Spt  Bn 
HQ  Co  /“/  Engr  Spt  Bn 
Det  B&P  Co 
Ord  Maint  Co 
MT  Maint  Co  /-/ 

Engr  Maint  Co 

H&S  Co  /-/  Maint  Bn 

Elec  Maint  Co 

Det  Supply  Co,  FSSG 

Det  Ration  Co,  FSSG 

Det  Ammo  Co,  FSSG 

Det  B&P  Co,  H&S  Bn 

H&S  Co,  Sup  Bn 

Bulk  Fuel  Co,  Engr  Spt  Bn 

Engr  Co,  Engr  Spt  Bn 

Dental  Co 

Med  Co,  Med  Bn,  FSSG 
H&S  Co,  Med  Bn,  FSSG 
MP  Co,  MP  Bn 
H&S  Co,  MP  Bn 


B-11 


CSS 

Assault  Echelon: 

Aviation 

Element 

T/0  No. 

Unit  Type  Code 

Multiple 

Unit  Descriptor 

0601F 

CLDAA 

1 

HQ  /-/  Marine  Air  Wing 

0604F 

8LKAA 

1 

MWHS  /-/  Det 

8612X 

8LZAA 

1 

MWCS,  MACG  Planning 

8615X 

8LPAA 

1 

H&HS,  MACG  Planning 

8621X 

3LYAA 

1 

Missile  Btry,  LAAM  Bn 

8625X 

3LTAA 

1 

FAAD  Btry,  MACG,  MAW  P 

8631X 

7LSAA 

1 

MACS/MTDS  Planning 

8640X 

7LRAA 

1 

MASS,  MACG  Planning 

8821M 

7NLAA 

2 

MATCU 

8859X 

3NSAA 

1 

VMA  (V) 

8914X 

8PCAA 

2 

H-MS  (single  site) 

8921M 

8PDAA 

2 

MASS  (single  site) 

8937X 

3PNAA 

3 

HMM  (18  CH-46) 

8943X 

3PLAA 

3 

HMH  (18  CH-53A) 

8964X 

3PQAA 

2 

HML 

8968X 

3PFAA 

1 

VMO  (18  OV-lOA) 

8970X 

3PUAB 

1 

HMA  (18  AH-IJ) 

- Total  CSS  Assault  Echelon  - 
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CSS  Assault  Follow-On  Echelon;  Command  Element 


T/0  No. 

Unit  Type  Code 

Multiple 

Unit  Descriptor 

4392M 

4TB  AA 

1 

TOPO  Pit 

4722M 

PYDAA 

1 

Cl  Teams 

CSS  Assault  Follow-On  Echelon;  Aviation  Element 
T/O  No,  Unit  Type  Code  Multiple  Unit  Descriptor 

0602F 

CCDAA 

1 

Det  HQ,  Marine  Air  Wing 

0605F 

8LKAA 

1 

Det  MWHS 

8620X 

8LXAA 

1 

H&S  Btry,  LAM  Bn 

8621X 

3LYAA 

2 

Missile  Btry,  LAAM  Bn 

8710X 

8MLAA 

1 

H&MS,  MWSG 

8714X 

M8714 

1 

Engr  Sqdn 

8715X 

8MNAA 

1 

Trans  Sqdn 

8820X 

8NKAA 

3 

MABS,  MAG  VA/VF/VA  (AW) 

8821M 

7NLAA 

3 

MATCU 

i 

I 


B-13 


css  Assault  Follow-On  Echelon:  Combat  Service  Support  Element 


T/0  No. 

Unit  Type  Code 

Multiple 

Unit  Descriptor 

0702F 

M0702 

1 

Mobile  Const  Bn 

3233N 

HVTGA 

1 

Det  MT  Maint  Co 

3247N 

9VSAA 

1 

H6.S  Co  /-/  Maint  Bn 

3313N 

JVLAA 

1 

Supply  Co  /-/  Supply  Bn 

3323N 

M3323 

1 

Ration  Co  /-/  Supply  Bn 

3343N 

JVMAA 

1 

Ammo  Co  /-/  Supply  Bn 

3347X 

9VKAA 

1 

H&S  Co,  Supply  Bn 

344  2N 

M3442 

1 

B&P  Co,  H&S  Bn 

344  3X 

6VFAA 

1 

Comm  Co,  H&S  Bn,  FSSG 

3444N 

M3444 

1 

MP  Co,  H&S  Bn,  FSSG 

3445N 

M3445 

1 

Svc  Co,  H&S  Bn,  FSSG 

344  7N 

9VDAA 

1 

H&S  Co,  Sup  Bn 

3751X 

JTCAA 

1 

Bulk  Fuel  Co,  Engr  Spt  Bn 

3752X 

45UAA 

1 

Bridge  Co,  Engr  Spt  Bn 

3753X 

45ZAA 

1 

Engr  Co,  Engr  Spt  Bn 

3755N 

M3755 

1 

Engr  Spt  Co,  Engr  Spt  Bn 

3757N 

M3757 

1 

H&S  Co,  Engr  Spt  Bn 

3851X 

FTFAA 

3 

Dental  Co 

3853X 

M3853 

1 

Med  Co,  Med  Bn,  FSSG 

3854X 

M3854 

1 

Hosp  Co,  Med  Bn,  FSSG 

464  3N 

UTSAA 

1 

Trk  Pit,  Trk  Co 

4644X 

UTRAA 

1 

Trans  Co,  MT  Bn,  FSSG 

4647X 

9TQAA 

1 

H&S  Co,  MT  Bn,  FSSG 

490  3M 

QURAA 

1 

MP  Co,  MP  Bn 

- Total  CSS  Assault  Follow-On  Echelon 


css  Fly-In  Echelon 


T/0  No. 

Unit  Type  Code 

Multiple 

Unit  Descriptor 

0603F 

CLDAA 

1 

Det  HQ,  Marine  Air  Wing 

8652M 

3QJAA 

1 

VMCJ  (7  RF-4  / 17  EA-6) 

8712M 

8LEAA 

1 

MWWU 

8780X 

3MQAA 

1 

VMGR  (12  KC-130) 

8813X 

3NJAA 

3 

H-MS  MAG  (VA/VF) 

8848X 

3NMAC 

4 

VMFA  (15  F-4J) 

8855M 

3NSAB 

2 

VMA  (20  A-4) 

8857X 

3NUAA 

2 

VMA  (AW)  (12  A-6A) 

- Total  CSS  Fly-In  Echelon  - 
***  Total  CSS  Notional  MAF  *** 


i 
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T^O  OeSISNATOR  M10J8 


GRAND  TOTAL  AB  1182  1230 


INITIAL  issue  OF  MAJOR  FOUIPMeNT  FOR  MI03B 
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SOUAHC  LOADED  EQUIPMENT 
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INITIAU  ISSUE  OF  SECONOARV  EQUIPMENT  AND  SUPPLIES  FOR  Ml  038 
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Appendix  C 


SAMPLES  OF  COMPUTER  OUTPUTS 

Appendix  C contains  sample  output  listings  for  the  principal  computer 
programs  used  in  the  study.  The  appendix  is  divided  into  four  parts--each 
part  presenting  different  sample  output  listings. 

Parts  1 illustrates  the  output  from  the  Transporation  Feasibility 
Estimator  Program  (TFE).  The  output  represents  the  results  obtained  from 
processing  a notional  MAU.  Descriptions  for  reading  the  TFE  Program  out- 
put are  found  in  the  HQ  FMFPAC  TFE  User's  Manual. 

Parts  2 and  3 illustrate  the  output  listings  from  the  Constrained 
Cargo  Factoring  Model  (CFF)  for  factored  cargo  and  constrained  cube  runs, 
respectively. 

Part  4 illustrates  the  output  from  the  Constrained  T/E  Embarkation 
Analysis  Model  (CONTEAM).  The  listings  from  ten  representative  FMF  units, 
each  constrained  to  90,  85,  and  75  percent  of  full  T/E  strength  are 
shown. 
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Appendix  C 

SAMPLES  OF  COMPUTER  OUTPUT 

Example  of  TFE  Output;  Notional  MAU 
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Appendix  C 

SAMPLES  OF  COMPUTER  OUTPUT 

Part  2:  Example  of  Constrained  Cargo  Factoring  Model  Output; 

Factored  Cargo 
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SAMPLES  OF  COMPUTER  OUTPUT 


Example  of  Constrained  Cargo  Factoring  Model  Output; 
Constrained  Cargo 
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SAMPLES  OF  COMPUTER  OUTPUT 

Part  4:  Example  of  Constrained  T/E  Embarkation  Analysis  Model  Output 
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SAMPLES  OF  COMPUTER  OUTPUT 


Part  4:  Example  of  Constrained  T/E  Embarkation  Analysis  Model  Output 

I INTRODUCTION 


Part  4 of  Appendix  C is  a series  of  constrained  T/Es  computed  by  the 
Constrained  T/E  Embarkation  Analysis  Model  (CONTEAM)  for  a sample  of  ten 
representative  FMF  units.  For  each  unit,  three  tentative  constrained  T/Es 
are  included--one  for  each  constraint  (90%,  85%,  and  75%)  applied  to  the 
unit's  fully  authorized  T/E.  Each  constraint  is  applied  equally  to  both 
square  and  cube  items  in  the  listings;  however,  CONTEAM  is  capable  of 
calculating  a constrained  T/E  for  a unit  with  different  constraints  for 
square  and  cube  even  though  such  a case  isn't  presented  in  the  tables. 
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II  DETAILED  EXPLANATION  OF  CONSTRAINED  T/E  EMBARKATION 
ANALYSIS  MODEL  OUTPUT  LISTING 

Explanations  for  the  headings,  columns,  and  totals  found  in  the 
sample  output  listing  from  the  Constrained  T/E  Embarkation  Analysis  Model 
(CONTEM),  Table  C-1,  are  given  below.  The  number  of  each  explanation 
relates  to  the  same  number  superimposed  on  the  output  listing  of  unit 
M1038, 

(1)  Unit  description. 

(2)  Total  cube  of  all  cube  loaded  items  in  unit’s  T/E. 

(3)  Percentage  of  total  cube  this  unit  is  to  be  constrained. 

Total  cubic  feet  of  unit  when  constrained. 

(4)  Total  square  of  all  square  loaded  items  in  unit's  T/E. 

(5)  Percentage  of  total  square  this  unit  is  to  be  constrained. 

Total  square  feet  of  unit  when  constrained. 

(6)  TAM  number  from  unit's  authorized  T/E. 

(7)  Square  of  individual  TAM  item. 

(8)  Cube  of  individual  TAM  item. 

(9)  Weight  of  individual  TAM  item. 

(10)  Item  square  (column  7)  multiplied  by  T/E  quantity 
(column  13).  Total  square  feet  in  unit's  T/E  occupied 
by  all  units  of  a TAM  item. 

(11)  Item  cube  (column  8)  multiplied  by  T/E  quantity  (column 
13).  Total  cube  feet  in  unit's  T/E  occupied  by  all 
units  of  a Titti  item. 

(12)  Item  weight  (column  9)  multiplied  by  T/E  quantity 
(column  13).  Total  weight  in  unit's  T/E  occupied 
by  all  units  of  a TAM  item 

(13)  Quantity  of  each  TAM  item  authorized  in  unit's  T/E. 
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(14)  Item  criticality.  Relevance  of  item  to  supporting  unit's 
mission.  The  8 criticality  items  support  the  unit's  pri- 
mary mission(s);  the  4 criticality  items  support  the  unit's 
secondary  mission(s);  the  2 criticality  items  support  the 
unit's  tertiary  mission(s);  and  the  1 criticality  items 
are  the  remaining  items  of  the  unit's  T/E. 

(15)  Quantity  of  each  TAM  item  in  unit's  reduced  T/E  after 
applying  constraint. 

(16)  Item  square  (column  7)  multiplied  by  reduced  T/E  quantity 
(column  15).  Total  square  in  unit's  constrained  T/E 
occupied  by  all  units  of  a TM  item. 

(17)  Item  cube  (column  8)  multiplied  by  reduced  T/E  quantity 
(column  15).  Total  cube  in  unit's  constrained  T/E 
occupied  by  all  units  of  a TAM  item. 

(18)  Item  deficiency  in  constrained  T/E  (column  13-  column  15). 

(19)  Total  square  feet  of  all  square  loaded  TAM  items  in  unit's 
authorized  T/E. 

(20)  Total  cubic  feet  of  all  cube  loaded  TAM  items  in  unit's 
authorized  T/E. 

(21)  Total  weight  of  all  (cube  loaded  and  square  loaded)  TAM 
items  in  unit's  authorized  T/E. 

(22)  Total  of  all  units  of  all  TAM  items  in  unit's  authorized 
T/E. 

(23)  Total  of  all  unit's  of  all  TAM  item's  in  unit's 
constrained  T/E. 

(24)  Total  square  feet  of  all  square  loaded  TAM  items  in 
unit's  constrained  T/E. 

(25)  Total  cubic  feet  of  all  cube  loaded  TAM  items  in  unit's 
constrained  T/E. 

(26)  Operational  Readiness  Index  relatin  to  unit's  constrained 
T/E  square  loaded  items.  This  index  relates  the  criticality- 
weighted  square  loaded  items  in  the  unit's  constrained  T/E 

to  the  criticality-weighted  square  loaded  items  in  the  unit's 
authorized  T/E. 

(27)  Same  as  26  but  for  cube  loaded  items. 

(28)  Same  as  26  but  for  both  square  loaded  and  cube  loaded  items. 
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Table  C-1  contains  constrained  T/Es  for  ten  representative  FMF  units. 
Applied  to  each  unit  is  a weighted  constraint  of  90,  85,  and  75  percent 
of  the  unit's  authorized  T/E  cube  and  square.  Section  VI  explained  how 
each  unit  was  assigned  a weight  according  to  its  importance  in  the  assault 
echelon. 

These  ten  units  were  chosen  as  a sample  of  FMF  units  since  publishing 
a compendium  of  all  MAF  units  was  too  voluminous  to  include  in  this 
appendix. 
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Table  C-1 

SAMPLE  FMF  T/Es  CONSTRAINED  TO 
907.,  857,,  AND  757,  OF  AUTHORIZED  T/E  ALLOWANCES 
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Appendix  D 

A MODEL  TO  COMPUTE  AMPHIBIOUS  LIFT  FOR  A VARIABLE  DAY  OF  SUPPLY 

FROM  THE  F-2  JOPS  CARD 

I INTRODUCTION 

The  automated  output  from  the  MAGTF  Program  is  a card  image  file 
consisting  of  the  JOPS  formatted  F-1,  F-2,  and  F-3  cards.  The  MAGTF 
Program  was  written  to  include  mountout  cargo  in  certain  of  the  F-2 
cards  as  a function  of  the  inputed  days  of  supply  (DOS).  The  term  DOS 
is  defined  in  the  MAGTF  System  to  be  the  days  of  supply  for  the  MAGTF 
run  under  preparation.  The  MAGTF  of  MAF  size  is  divided  into  the  assault 
echelon  (AE)  and  the  assault  follow-on  echelon  (AFOE).  The  term  DOS 
applies  to  the  AFOE  allowing  another  parameter  to  designate  AE  days  of 
supply.  This  parameter  is  called  assault  echelon  days  of  supply  (AEDOS), 
and  its  value  may  be  less  than  equal  to  DOS  (it  is  usually  less  than 
the  DOS).  The  JCS  specification  for  the  F-2  card  requires  the  mountout 
computation  to  be  for  a DOS  value  of  30  in  all  units  of  the  MAF,  and 
requires  AEDOS  to  have  the  value  30  also.  In  an  actual  operation,  AEDOS 
can  be  less  than  DOS,  so  the  MAGTF  Program  permits  the  DOS  parameter  to 
be  variable  and  therefore  to  take  on  a value  assigned  by  the  user.  If 
the  user  plans  to  submit  the  JOPS  cards  from  a MAGTF  run,  DOS  must  be 
set  at  30.  When  the  AEDOS  is  less  than  DOS,  it  becomes  necessary  to 
convert  the  mountout  cargo  on  the  F-2  cards  for  AE  units  from  DOS  to 
AEDOS.  This  conversion  was  necessary  in  order  to  utilize  the  existing 
automated  output  of  the  MAGTF  System  in  the  current  study.  In  summary, 
a mathematical  model  was  required  to  convert  mountout  cargo  quantities, 
based  on  DOS,  contained  on  the  F-2  card  to  an  amount  based  on  AEDOS. 
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This  model  provides  the  conversion  for  bulk  stowed  cargo  in  units  of  the 
measurement  ton  and  for  square  loaded  cargo  in  units  of  square  feet. 

This  appendix  explains  the  model  used  in  the  TFEIN  Program  within  GALAS 
in  order  to  provide  an  understanding  of  the  source  of  all  data  used  in 
the  study.  The  GALAS  model  is  explained  in  Section  VI. 


II 


THE  MODEL  FOR  BULK  LOADING 


The  MAGTF  System  provides  data  by  unit  load  and  landing  force  supply 
for  each  unit  in  a MAGTF.  The  F-2  card  of  the  JOPS  Deck  for  mountout 
contains  an  amount  specified  for  landing  force  supply  only.  The  algorithm 
presented  here  pertains  only  to  that  portion  of  mountout  contained  in 
landing  force  supply. 

Let; 

T = The  cube  of  mountout  in  landing  force  supply 
based  on  the  value  of  DOS 

d = The  value  of  DOS. 

If  d is  greater  than  30, 

T = Ti  + Ts 

where 

Ti  = Cube  of’materiel  whose  value  is  computed  from 
the  assault  rate  in  the  MAGTF  Program  for  the 
first  30  days 

Is  = Cube  of  materiel  whose  value  is  computed  from 
the  sustained  rate  for  DOS  greater  than  30, 
i.e.,  for  (DOS  - 30)  days 

y = Proportion  of  mountout  computed  for  the  first 
30  days. 


Then: 


■ 


= A function  in  the  MAGTF  Program  computing  the 
cube  of  mountout  for  the  kth  class  of  supply 
for  the  jth  unit  for  d = 1 

= The  DOS  for  the  AEDOS  (d  ^30) 

a 

= The  DOS  for  mountout 

= Allowance  of  ith  TAM  item  of  the  jth  unit 

= Cubic  feet  of  the  ith  TAM  item 

= Allowance  of  ith  TAM  item  of  the  jth  unit 

for  square  loaded  items 

= Square  feet  of  the  ith  TAM  item, 


l(30-da)  + (d-30)  d > 30 


^ 30. 

I k=l  k 


Since  T is  known  for  the  DOS  minus  the  DOS  carried  in  the  unit  load, 
it  is  necessary  to  find  the  mountout  for  the  DOS  in  the  landing  force 
supply  carried  by  the  AE. 

For  certain  items; 


f (a^)  = .f(a^) 


when  CJ  » .5,  There  are  TAM  items  that  do  not  have  an  assault  rate 
different  from  the  sustaining  rate  when  cr  = 1,  The  assumption  is 
made  that  all  items  do  have  an  assault  rate  when  ^ = .5.  A slight 
error  occurs  from  this  assumption  for  those  items  that  do  not  have  an 
assault  rate.  Substituting  equation  (2)  into  (1)  gives; 
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£ f(a  ) = 

k=l  '■  k-'  (l-a)(30-d  ) 

a 


the  mountout  for  one  DOS.  Finally,  the  desired  value  for  mountout 

contained  in  landing  force  supply  for  the  AE  at  (d  -d  ) DOS  is 

a u 

given  by; 


Y(d  -d  )T 
Ti  = a u 

(l-a)(30-d  ) 
a 


Certain  classes  of  supply  are  not  affected  by  an  assault  rate  for  which 

the  first  30  days  are  greater  than  the  second.  For  this  materiel  an 

expression  to  convert  mountout  computed  from  (d-d  ) DOS  to  (d  -d  ) 

u a u 

DOS  carried  in  landing  force  supply  is  given  by: 


(d-d  ) 
u 


Combining  equations  (4)  and  (5)  an  expression  for  (d  -d  ) DOS  carried 

a u 

in  landing  force  supply  in  the  AE  for  the  jth  unit  is: 


T.  = (d  -d  ) 
j a u 


where  P is  the  number  of  F-2  JOPS  cards  containing  mountout  data  for 
the  jth  unit.  Equation  (6)  is  used  in  the  TFEIN  Program  to  convert 
mountout  in  the  JOPS  cards  to  the  desired  DOS. 


The  value  for  V was  obtained  from  the  AE  summary  of  the  MAGTF 
listing  by  summing  the  cubic  feet  of  materiel  from  supply  classes  having 
an  assault  rate  and  dividing  by  total  mountout.  Supply  classes  II,  V, 
VII  fall  in  this  category. 
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Ill  THE  MODEL  FOR  SQUARE  LOADING 


Using  exactly  the  same  technique,  mountout  of  square  loaded  items 
is  converted  to  the  desired  DOS.  Equations  for  this  conversion  are 
simplified  by  being  involved  with  only  supply  class  VIIW. 


If  S^  is  the  square  feet  of  a group  of  square  loaded  items, 
mountout  can  be  computed  by; 


, P 

i - (l-o)(30-d^)  ■ 


(7) 
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IV  COMPUTING  ALGORITHM 

Now  that  the  algorithm  for  computing  mountout  is  available,  the 
method  used  to  obtain  the  lift  expression  for  the  AE  and  AFOE  can  be 
written  by; 


N 

M j 


L = p 2 a x.  + d f(a  ).  + t' 

A j=l  1=1  ij  1 u k=l  k j j 


(8) 


for  bulk  cargo  in  measurement  tons 


S . = s . . z . + d c s . . z . + S * 


j=l  ij  i 


u i=l  i ij  i 


(9) 


for  the  AE,  and 


m'  9 

‘■p  ■ >1  * “n  k5l‘<Vj 


(10) 


for  bulk  cargo,  and 


m' 

S„  = s . , z . + d £ c s , z , + S 
F j=l  ij  1 u i=l  1 ij  1 J 


(11) 


for  the  AFOE.  It  should  be  emphasized  that  T^  and  S.  are  summed 

values  taken  from  the  JOPS  cards  designated  for  landing  force  supply. 

This  cargo  is  mountout  for  (d-d  ) DOS.  These  values  are  calculated 

u 

by: 


■! 

J 

i 


I 
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(12) 


r 


"i  ■ ii 

p 

° jSi 

where 

P = Number  of  JOPS  cards  for  landing  force  supply 
in  the  AFOE 

M = Number  of  units  in  the  AE 
N = Number  of  TAM  items  in  the  jth  unit 

j 

N^  = Number  of  square  loaded  TAM  items  on  the 
jth  unit. 
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V PROGRAM  TFEIN 


The  TFEIN  Program  punches  a card  containing  total  personnel,  barrels 

of  bulk  fuel,  L , S , L , and  S . The  format  of  this  card  is  the  type  9 

input  of  the  TFE  Program.  This  card  is  the  movement  requirement  for  the 

TFE  Program.  It  is  also  used  as  one  of  the  inputs  to  the  Constrained 

Cargo  Factoring  Model.  Appendix  E explains  this  model  and  uses  as  its 

prime  input  the  type  9 card.  It  is  the  values  for  L . and  S . for 

Aj  Aj 

each  unit  that  must  be  factored  into  specific  supply  class  categories 
before  it  is  possible  to  apply  constraints  to  unit  cargo  categories  in 
a realistic  manner.  A description  of  Program  TFEIN  is  given  in  the 
following  paragraphs. 

The  initial  design  of  Program  TFEIN  was  to  provide  an  interface 
between  the  JOPS  card  file  containing  the  cargo  requirements  for 
individual  units  of  the  AE  and  AFOE  and  the  additional  data  requirements 
for  the  transportation  simulation  provided  by  the  TFE  Program.  Program 
TFEIN  requires  considerable  data  preparation  for  the  transportation 
aspect  of  the  output  data  and  different  data  preparation  necessary  to 
modify  JOPS  data  for  the  specific  use  of  stating  lift  requirements  for 
each  unit.  This  program  reads  from  card  sources,  accumulates  lift 
requirements  for  the  unit,  performs  the  necessary  modifications,  combines 
all  necessary  data  for  the  type  9 format,  and  punches  and  writes  the 
type  9 output  format  for  each  unit.  This  program  is  Included  in  GALAS 
as  it  currently  exists.  If  a system  such  as  GALAS  is  implemented,  this 
program  would  be  replaced  by  a similar  program  that  prepared  data 
obtained  directly  from  Program  MAGTF,  thus  providing  all  inputs  to  the 
Constrained  Cargo  Factoring  Model  without  the  manual  interface  required 


from  the  present  programs  that  use  JOPS  card  input. 
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Figure  D-1  contains  the  flow  chart  for  the  TFEIN  program.  The 
following  explanation  refers  to  that  figure.  The  program  begins  by 
initializing  all  parameters  and  reading  all  card  input  files.  A value 
for  unused  mobile  loading  capacity  is  entered  by  card  to  provide  the 
basis  of  reallocating  a part  of  this  unused  capacity  to  all  units  of 
the  AE.  This  calculation  simulates  the  loading  of  all  vehicles  with 
mobile  loaded  cargo.  A card  deck  is  read  providing  the  type  9 noncargo 
data  elements.  This  information  is  placed  in  an  array  as  a look-up  table 
for  use  later  in  the  program.  An  additional  deck  is  read  that  provides 
unit  mobile  loaded  cargo.  This  data  is  necessary  because  JOPS  data 
includes  cargo  that  would  have  been  mobile  loaded.  The  movement  require- 
ment, however,  does  not  include  mobile  loaded  cargo.  The  data  source 
for  this  deck  is  the  MAGTF  listing  for  each  unit  of  the  /\E. 

When  TFEIN  is  run  for  AE  units,  the  conversion  factor,  explained 
earlier  in  this  appendix,  must  be  computed.  This  factor  converts  mount- 
out  from  55  DOS  to  10  DOS  for  AE  units.  The  AFOE  version  of  the  program 
excludes  this  section  of  the  code.  The  mobile  loading  reallocation 
factor  is  computed.  This  factor  reduces  the  movement  requirement  uniformly 
among  units  of  the  AE. 

The  next  section  of  code  executes  for  each  unit  of  the  input  JOPS 
file.  The  JOPS  cards  are  read  one  at  a time  and  processed  before  the 
next  card  is  read.  When  all  cards  for  one  unit  are  processed,  totals 
for  bulk  cargo,  square  loaded  items,  bulk  fuel,  and  passengers  are  obtained. 
The  output  files  are  written  for  that  unit,  then  the  next  unit's  cards  are 
processed.  As  each  card  is  read,  it  is  checked  to  determine  if  the  last 
card  image  of  the  file  has  been  read.  If  the  last  card  has  been  processed, 
the  program  branches  to  3.  If  not,  the  program  determines  if  the  card  is 
F-1,  F-2,  or  F-3  format  and  branches  to  the  5,  6,  or  7 control  points  for 
further  execution.  The  F-1  card  provides  the  UTC  for  unit  identification 
and  the  number  of  passengers.  The  program  terminates  reading  JOPS  cards 
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FIGURE  D-1.  PROGRAM  TFEIN 
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for  each  unit  when  the  next  unit's  F-1  card  is  read.  If  the  next  unit's 
F-1  card  is  read  control  passes  to  10,  otherwise  control  passes  to  2 and 
the  next  card  is  read.  Control  is  passed  to  6 when  an  F-3  card  is  read. 

The  F-3  card  is  used  only  to  eliminate  the  square  feet  for  helicopters 
in  the  square  totals  for  helicopter  squadrons.  The  F-3  card  has  a field 
containing  the  MAGTF  system  name  of  major  square  loaded  items.  When  the 
field  is  compared  with  a helicopter  look-up  table  provided  from  a DATA 
statement,  the  square  feet  added  from  the  preceding  F-2  card  is  removed 
when  the  system  name  on  the  F-3  card  matches  one  of  the  names  in  the 
look-up  table.  After  the  F-3  card  is  processed,  control  passes  to  2 for 
reading  the  next  card. 

When  an  F-2  card  is  read,  control  passes  to  7.  All  cargo  data  is 
obtained  from  this  card.  There  are  many  F-2  cards  per  unit.  The  CROAT 
field  of  the  F-2  card  Identifies  the  five  cargo  categories  required  to 
accomplish  the  accumulation  of  the  totals  for  the  unit.  These  categories 
are : 

a.  Bulk  cargo 

b.  Square  loaded  cargo 

c.  Bulk  fuel 

d.  Mountout  (carried  in  landing  force  supply) 

e.  Weight. 

Category  d is  also  composed  of  bulk  cargo  and  square  loaded  cargo.  After 
the  data  is  obtained  from  the  F-2  card,  the  program  accumulates  the  bulk 
cargo  square  loaded  cargo,  and  bulk  fuel  for  the  unit  load  according  to 
the  CRCAT  field.  Information  on  air  transportability  is  also  available 
from  the  CRCAT  field  if  desired.  When  mountout  cargo  is  processed,  it  is 
converted  from  the  55  DOS  carried  on  the  JOPS  card  from  the  MAGTF  input 
parameters  to  the  10  DOS  desired  for  AE  units.  This  conversion  feature 
is  not  used  vhen  processing  AFOE  units.  After  all  data  is  processed  from 
the  F-2  card,  control  is  passed  back  to  2 for  reading  the  next  JOPS  card. 
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As  previously  stated,  when  the  F-1  card  for  the  next  unit  is  read, 
control  is  passed  to  10,  where  final  processing  for  the  current  unit  is 
accomplished.  A total  for  the  AE  is  obtained  by  adding  unit  totals 
together  as  they  are  computed.  The  mobile  loaded  cargo  is  subtracted, 
as  well  as  the  additional  mobile  loaded  cargo  capacity  available  to  each 
unit  from  unit  total  bulk  in  measurement  tons.  The  program  then  locates 
the  current  unit  in  the  unit  look-up  table  and  combines  cargo  data  with 
movement  data  required  for  the  type  9 TFE  input  format.  This  format  is 
then  written  to  the  output  file  and  punched  on  cards  for  use  as  input  to 
the  TFE  program  and  the  AMPSF  program,  containing  the  Constrained  Cargo 
Factoring  Model  of  CALAS. 

After  the  output  statements  have  been  executed,  control  passes  to 
5 and  the  F-1  card  of  the  next  unit  just  read  is  processed.  If  no  further 
cards  are  contained  in  the  file,  control  passes  to  3 and  the  MAGTF  totals 
are  written  to  output  and  the  program  terminates. 
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CONSTRAINED  CARGO  FACTORING  MODEL 
I INTRODUCTION 

During  the  1975-1980  time  frame,  the  lift  capacity  of  amphibious 
assault  ships  available  to  support  a MAGTF  of  MAF  size  is  expected  to  be 
less  than  the  lift  requirement  of  the  assault  echelon  of  the  MAF.  The 
extent  of  the  amphibious  lift  short  fall  is  presented  in  Section  IV  of 
this  report.  Section  V provides  an  explanation  of  the  nature  and  com- 
position of  landing  force  materiel.  Familiarity  with  the  information  in 
Section  V will  be  helpful  in  understanding  the  model  presented  in  this 
appendix. 

Each  unit  included  in  the  troop  list  of  the  MAF  has  a lift  require- 
ment consisting  of  the  nine  classes  of  supply.  This  materiel  is  separated 
into  the  unit  load  and  landing  force  supply.  The  unit  load  consists  of 
the  initial  issue  of  supply  classes  II  and  VII,  also  known  as  the  materiel 
specified  by  the  table  of  equipment  (T/E)  and  a specified  number  of  days 
of  supply  (DOS)  of  all  nine  classes  of  supply  called  mountout.  Therefore, 
the  unit  load  consists  of  T/E,  and  for  this  project,  five  DOS  of  mountout. 
In  addition,  each  unit  generates  a specified  number  of  DOS  of  mountout  to 
be  included  in  landing  force  supply.  The  total  mountout  accompanying 
the  AE  is  the  5 DOS  in  unit  load  and  10  DOS  landing  force  supply,  for  a 
total  of  15  DOS.  The  total  DOS  of  mountout  for  the  MAF  is  60.  The  AFOE 
must  also  lift  45  DOS  of  mountout  for  the  AE. 

When  the  unit  is  prepared  for  loading  it  consists  of  four  categories 
of  requirements  to  be  met  by  the  amphibious  assault  ship  capacity. 
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These  are: 


(1)  Personnel 

(2)  Bulk  fuel  (barrels) 

(3)  Bulk  cargo  (measurement  tons,  i.e.,  40  cubic  feet 
per  measurement  ton) 

(4)  Square  loaded  cargo  (square  feet). 

It  has  been  determined  during  the  course  of  this  study  that  no 
constraint  exists  for  either  personnel  or  bulk  fuel.  These  lift  require- 
ments are  therefore  excluded  from  the  following  analysis.  The  lift 
requirements  of  interest  are  bulk  cargo  and  square  loaded  cargo.  Based 
on  ship  loading  techniques  currently  in  effect,  the  Constrained  Cargo 
Factoring  Model  loads  bulk  cargo  and  square  loaded  cargo  separately  into 
the  spaces  of  assault  shipping.  The  model  permits  loading  of  bulk  cargo 
into  square  spaces  by  a conversion  factor  that  assumes  bulk  cargo  will 
be  stowed  two  pallets  high  (or  80  inches).  No  square  loaded  items  are 
loaded  into  spaces  designated  for  bulk  cargo.  Broken  stowage  factors 
of  .8  for  bulk  and  .75  for  square  are  assumed  for  the  model.  When  pre- 
loading  boats  of  the  Assault  Craft  Unit,  Naval  Beach  Group,  with  square 
loaded  items,  a broken  stowage  factor  of  .65  is  assumed. 

When  considering  a reduction  of  materiel  from  units,  it  is  necessary 
to  plan  the  reduction  from  precise  cargo  categories.  Reductions  must  be 
made  from  bulk  cargo  separately,  as  distinguished  from  square  loaded 
cargo,  although  these  categories  are  not  necessarily  independent  from 
the  viewpoint  of  unit  integrity.  Variable  parameters  controlling  model 
operation  provide  a means  of  interreacting  the  reductions  of  bulk  and 
square  loaded  cargo.  This  effect  will  be  explained  later. 

There  are  two  methods  of  reducing  unit  lift  requirements.  These 
are  a reduction  in  the  unit  T/E  and  the  reduction  of  DOS  determining 
mountout.  It  should  be  pointed  out  that  these  reduction  methods  assume 
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that  the  planning  factors  specifying  mountout  for  1 DOS  will  remain 
constant.  Examining  bulk  cargo  reveals  that  reductions  will  have  to  be 
made  from  supply  classes  II  and  VII  nonsquare,  which  comprise  the  unit's 
T/E,  and/or  by  reducing  the  DOS  of  nine  classes  of  supply  from  15  DOS  of 
mountout.  For  square  loaded  cargo,  reductions  must  occur  for  class  VII 
Square  loaded  T/E  items  and  by  reduction  of  DOS  for  mountout  affecting 
only  supply  class  VII  square.  The  rationale  for  the  procedure  of  employ- 
ing this  model  is  contained  in  Section  VI  of  this  report. 

The  Constrained  Cargo  Factoring  Model  is  a simple  mathematical 
procedure  that  uses  lift  data  for  individual  units  to  factor  the  lift 
requirement  provided  as  input  into  categories  which  repre«^ent  the  specific 
materiel  that  is  logically  reduced  when  a unit  is  not  able  to  load  all  of 
its  materiel  into  assigned  assault  shipping  spaces.  The  model  applies  a 
specified  constraint  to  the  total  cube  of  the  unit's  T/E,  i.e.,  effects 
a percentage  reduction,  loads  the  ship  with  the  reduced  T/E  requirement, 
reduces  the  DOS  of  bulk  mountout  (if  specified),  loads  the  mountout, 
repeats  this  process  for  each  unit,  determines  if  the  assault  shipping 
is  available,  and  generates  a short  fall  or  an  excess.  The  model  also 
performs  the  same  functions  for  square  loaded  cargo. 

For  each  constraint,  the  model  provides  a list  of  all  units  contain- 
ing the  original  bulk  and  square  and  the  cargo  values  permitted  under 
the  active  constraint.  If  the  model  determines  that  an  excess  of  square 
storage  space  exists,  it  reallocates  the  excess  square  to  bulk  space 
and  reloads  the  units. 

This  appendix  provides  a mathematical  explanation  of  the  model.  It 
must  be  understood  that  the  model  is  a subsystem  of  GALAS  and  does  not 
function  in  isolation.  It  primarily  provides  the  data  for  the  Constrained 
T/E  Embarkation  Analysis  Model,  which  determines  the  optimal  mix  of  the 
T/E  under  constrained  loading  conditions. 


II  INPUT 


There  are  three  input  sources  for  the  Cargo  Factoring  Model.  This 
paragraph  presents  an  explanation  and  notation  to  be  used  in  defining 
the  model  input.  The  principal  input  sources  are: 


(1)  The  movement  requirement  comprised  of  bulk  and  square 
loaded  cargo 

(2)  Cargo  factor  file 

(3)  Amphibious  assault  ship  lift  characteristics. 

A variety  of  values  for  the  constraints  are  required  inputs,  but  are 
changed  as  desired  by  the  user. 


Appendix  D provides  an  explanation  of  the  source  of  the  cargo  move- 
ment requirement  that  are  input  to  the  Constrained  Cargo  Factoring  Model. 
That  input  was  defined  for  the  AE  to  be: 
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a function  in  the  MAGTF  Program  computing 
the  cube  of  mountout  for  the  kth  class 
of  supply  for  the  jth  unit  for  d = 1 

the  DOS  for  the  AE 

the  DOS  for  mountout 

allowance  of  1th  TAM  item  of  the  i unit 

cubic  feet  of  the  ith  TAM  item 

proporation  of  mountout  computed  for  the 
first  30  DOS 

adjusting  factor  for  mountout  computations 
for  DOS  > 30 

allowance  of  ith  square  loaded  item 
for  jth  unit. 


(1)  and  (2)  show  how  the  movement  requirement  is  determined 
F-2  JOPS  card.  The  values  for  L and  S can  be  written: 

S.,L.  = (T/E  equipment)  + d (mountout  for  1 DOS) 

1 J 3 
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The  movement  requirement  for  each  unit  of  the  AE  is  available  for 
input  to  the  model  by  a card  file  in  the  format  of  the  type  9 card  used 
by  the  TFE  Model.  A description  of  this  format  can  be  found  in  the 
"FMF  TFE  Users  Manual."  The  same  card  is  used  in  both  the  TFE  and 
Constrained  Model's  computer  programs.  The  essential  data  elements  are: 

(1)  Bulk  cargo  in  measurement  tons 

(2)  Square  loaded  items  in  square  feet 

(3)  Personnel 

(4)  Bulk  fuel  in  barrels  carried  in  a miscellaneous 
cargo  category  field. 

Only  the  bulk  and  square  loaded  cargo  categories  are  used  by  the  Constrained 
Model . 

Since  the  automated  data  mode  available  to  the  model  is  in  the  con- 
figuration for  loading  of  ships,  l.e.,  bulk  and  square  loaded  cargo,  it 
is  necessary  to  factor  the  cargo  requirements  into  other  cargo  categories, 
thus  facilitating  the  systematic  and  logical  reductions  for  each  unit. 
Basically,  the  cargo  must  be  factored  into  T/E  and  mountout,  permitting 
the  application  of  a constraint  to  the  T/E  and  a reduction  to  the  DOS  for 
mountout.  Additionally,  it  was  necessary  to  have  supply  classes  II  and 
VII  of  mountout  factored  in  order  to  permit  an  investigation  of  the  effect 
on  amphibious  lift  short  fall  of  applying  a different  combat  active 
replacement  factor  to  mountout  calculations.  The  following  variables  are 
provided  by  factor  cards  which  are  used  to  conduct  factoring  operations 
within  the  model: 


t = T/E  items  in  measurement  tons  (MT) 
e 

T = Mountout  supply  classes  I,  V,  VI  VII, 
m 

IX  in  MT 


L 

m 

t 

s 
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t = Initial  issues,  plus  90  days  mountout  supply 

cL  S 

class  VIIA  in  square  feet 

t = Initial  issues,  plus  90  days  mountout  supply 
classes  IIA  and  VIIA  nonsquare  in  MX 


= Bulk  fuel  in  cubic  feet 

L = Supply  class  IX  part  of  unit  materiel  in  MX 
u 

L = Supply  class  IX  computer  for  equipment  in 
the  unit  but  carried  by  third  and  fourth 
echelon  maintenance  units. 


A factor  card  is  available  for  each  complete  unit  in  the  AE.  Xhe  card 
contains  values  for  each  factor  shovm  above,  obtained  from  MAGXF  listings. 
It  should  be  noted  that  the  detailed  application  of  constraints  to  unit 
cargoes  woula  not  be  possible  without  the  specific  cargo  categories  pro- 
vided by  the  MAGXF  Program.  It  was  assumed  that  detachments  are  prepared 
for  deployment  containing  only  essential  equipment.  No  constraints  are 
applied  to  these  units  and  no  factor  cards  were  prepared. 

Xhe  cargo  capacity  provided  by  the  amphibious  assault  ships  has  been 
made  available  to  the  model  by  a card  image  file.  Xhere  are  two  cards 
for  each  ship  in  the  force  designated  to  lift  the  AE  of  the  MAF.  Xhe 
format  of  this  card  file  is  the  type  8 input  card  of  the  XFE  Program. 

Xhese  cards  serve  as  input  to  both  the  XFE  and  Constrained  Cargo  Factoring 
Model's  computer  programs.  Xhe  essential  data  elements  on  the  cards 
required  by  the  constrained  model  are; 

(1)  Bulk  capacity  in  measurement  tons 

(2)  Personnel  capacity 

(3)  Square  loading  capacity  in  square  feet 

(4)  A miscellaneous  capacity  that  may  be  designated  a 
lift  capacity  such  as  bulk  fuel  or  containers. 

A description  of  the  card  format  can  be  found  in  the  HQFMF  Pac  "FMF  TFK 
Users  Manual." 


E-10 


Ill  CARGO  FACTORING  PROCEDURE 


The  prdcedure  used  in  this  study  to  factor  unit  cargo  into  categories 
in  order  to  apply  constraints  would  not  be  used  in  a permanent  computer 
assisted  decision  aid  interactive  system.  The  specific  cargo  categories 
needed  to  factor  the  movement  requirement  are  available  in  the  MAGTF 
Program  in  automated  form  after  a unit  has  been  processed.^.  These  values 
are  included  in  the  current  unit  listing  generated  from  the  program.  A 
program  change  would  be  required  to  generate  an  output  file  on  tape,  disk, 
or  cards,  as  desired,  for  use  in  the  Constrained  Cargo  Factoring  Model. 

This  modification  would  eliminate  the  manual  interface  with  the  CALAS 
system  now  required  to  factor  the  cargo  data.  This  MAGTF  modification 
requirement  was  not  identified  prior  to  the  last  processing  of  the  MAF. 

The  time  delays  and  additional  costs  that  would  have  been  generated  by 
the  modification  did  not  justify  the  effort  for  the  current  study. 

The  procedure  used  herein  is  based  on  calculating  the  proportionate 
parts,  as  factors,  of  both  bulk  cargo  and  square  loaded  cargo  for  each 
cargo  category,  and  applying  these  factors  to  the  movement  requirements 
generated  by  the  TFEIN  program,  as  explained  in  Appendix  D.  The  scheme 
used  is  to  factor  the  cargo  totals  into  their  parts,  apply  the  constraints, 
and  sum  the  reduced  parts--thus  obtaining  the  reduced  movement  requirement. 
The  following  notation  will  be  used  in  the  computing  relationships  presented 
below. 

Let : 

L = Bulk  cargo  obtained  from  MAGTF  listing  corrected 
me 

for  supply  class  IX,  supporting  and  cubic  feet  of 
bulk  fuel 
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,i 


me 

T 


Proportion  of  bulk  cargo  pertaining  to  mountout 


T 


a 


6 

T1 

d 

u 

7 


Proportion  of  supply  class  VIIA  square  used  for 
IMA  for  the  aviation  unit 

An  assigned  constraint.  The  value  is  defined  to 
be  the  proportion  of  the  T/E  to  be  loaded,  i.e., 
0=1.  There  is  no  reduction.  If  o = .8,  a 20% 
reduction  occurs 

Proportion  of  supply  class  IIA  and  VIIA  nonsquare 
included  on  OMA  for  an  aviation  unit 

Proportion  of  supply  class  VIIW  square  contained 
in  mountout 

A variable  DOS  for  reducing  the  mountout  within  a 
units  materiel 

A corrective  factor  for  adjusting  the  combat  active 
replacement  factor. 


Then: 


L 

me 


(5) 


providing  an  adjusted  total  bulk  cargo.  The  relationship  for  the  factored 
bulk  cargo  then  becomes: 


(T  -L  -b^)  + t Y 
m s f s 


d L 
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(6) 


The  first  term  of  equation  (6)  factors  the  T/E  items  of  cargo  from 
the  total  bulk  cargo  obtained  from  the  TFEIN  Program  and  applies  the 
constraint  O,  The  second  term  factors  mountout  from  the  bulk  cargo  by 
first  removing  class  IX  cargo  carried  by  third  and  fourth  echelon  main- 
tenance units  and  cubic  feet  of  bulk  fuel.  Then  supply  classes  IIW  and 
VIIW  are  factored  separately  in  order  to  apply  the  adjusting  quantity 
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for  a new  combat  active  replacement  factor.  The  variable  d is  also 

V 

present  to  adjust  the  DOS  for  the  AE  if  desired.  The  third  term  of 
equation  (6)  factors  supply  classes  IIA  and  VIIA  separately  in  order  to 
remove  from  the  AE  IMA  support  from  aviation  units  having  aircraft.  Also 
this  portion  of  the  cargo  is  unaffected  by  DOS.  This  procedure  assumes 
IMA  support  will  be  provided  by  the  LHA  and  LPH  until  arrival  of  the  AFOE. 
The  IMA  factor  can  be  set  to  one  to  include  IMA  with  the  AE  if  desired. 


For  square  loaded  items: 


i'  = j^(S-t^^)(l-Tl)jo 


S = (S-t  jd-TD  0+  (s-t  )Tld  + t 6. 

as  as  u as 


In  this  equation  the  first  term  is  the  square  loaded  T/E  items  with  the 
constraint  o applied.  The  second  term  is  the  portion  of  the  total 
square  contained  in  mountout.  The  value  d provides  the  option  of 
reducing  the  DOS  for  mountout  of  square  loaded  items.  The  third  term 
adds  the  supply  class  VIIA  square  loaded  items.  The  value  for  1 was 
obtained  by  sampling  three  aircraft  squadrons  to  determine  the  porportion 
of  class  VIIA  square  that  is  IMA  equipment.  The  sample  revealed  that  y 
was  zero,  indicating  that  all  square  loaded  items  are  IMA  and  will  not  be 
included  in  the  AE. 


IV  APPLICATION  OF  CONSTRAINTS 


Having  developed  the  cargo  factoring  procedure  that  permitted  the 
application  of  constraints  on  the  T/E,  the  model  has  been  designed  to 
weight  the  application  of  those  constraints  on  the  units  of  the  AE.  The 
weighted  constraints  are  applied  in  a manner  that  indicates  the  sensitivity 
of  the  contribution  of  T/E  items  affected  by  the  constraint  to  the 
accomplishment  of  the  unit's  mission  and  the  mission  of  the  AE  of  the 
MAF  prior  to  arrival  ashore  of  the  AFOE  about  Df3  to  IH-7,  Three 
different  weights  are  applied.  These  different  values  for  the  constraints 
are  computed  as  a function  of  one  assigned  value  for  the  overall  constraint 
The  weighted  values  are  termed  light,  medium  and  heavy.  The  light 
constraint  is  defined  to  be  one-half  of  the  overall  constraint;  the  medium 
constraint  is  equal  to  the  overall  constraint;  and  the  heavy  constraint  is 
one  and  one-half  times  the  overall  constraint.  Equations  for  these  cal- 
culations are: 

Light 

o'  = .5(1  + o)  (8) 

Medium 

a'  = a (9) 

Heavy 

a'  = 1.50  - .5.  (10) 

The  assignment  of  weights  to  units  can  be  found  in  Section  VI. 

Experience  with  this  model  gained  from  loading  the  /\E  of  the  MAF 
into  the  available  shipping  has  revealed  that,  as  a result  of  a smaller 
short  fall  of  square  loaded  cargo  than  for  bulk,  a tradeoff  exists 
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between  the  square  and  bulk  cargo  derived  from  obtaining  additional  bulk 
space  by  converting  square  space  to  bulk  stowage  resulting  from  applying 


r 


constraints  to  square  loaded  items.  The  rationale  for  the  application 
of  this  tradeoff  is  found  in  Appendix  F.  The  model,  therefore,  provide® 
a feature  which  converts  unused  square  stowage  ‘■-pace  by  the  assumption 
of  stacking  bulk  cargo  two  pallets  high,  computed  by: 


T SO  S 

L = bb  u . 
cs  


(11) 


12  f 


bb 


where 


L ^ = Converted  square  space  to  bulk 


f = Broken  stowage  factor  for  bulk,  i.e.,  .8 
bb 


f = Broken  stowage  for  square,  i.e.,  .73 
bs 


Excess  square  space. 


This  procedure  is  commonly  used  by  Marine  Corps  embarkation  planners  and 
can  be  found  in  FMFM  4-2.  (This  reference  uses  72  inches  for  the  planned 
conversion.) 


The  procedure  for  computing  the  percent  short  fall  used  in  the  graphs 
of  Section  VII  is  to  obtain  the  difference  between  the  ship  capacity  and 
the  constrained  cargo  in  measurement  tons,  divide  by  the  constrained  cargo, 
and  multiply  by  100.  The  graphs  are  plotted  as  a function  of  the  weighted 
constraints . 
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V = conversion  factor  for  square  to  bulk 
tn  = number  of  units 
n = number  of  assault  ships 


SF 


Percent  short  fall,  then  the  percent  short  fall  is 
computed  by; 
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The  graphs  are  plotted  with  P versus  O from  equation  (12). 
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V COMPUTER  PROGRAM 


i 

A computer  program  was  written  to  perform  the  cargo  factoring  opera- 
tion, apply  the  constraints  to  the  T/E  (or  change  the  DOS  for  mountout) , 
and  perform  the  ship  loading  operation.  The  same  operations  must  be 
performed  on  each  unit  of  the  AE,  after  which  amphibious  lift  status  is 
available  for  the  ships  contained  in  the  input  deck.  This  program  has 
been  labeled  AMPSF.  It  is  part  of  GALAS,  as  presented  in  Section  VI  of 
this  report.  The  present  section  presents  an  explanation  of  a general- 
ized flow  chart  of  Program  AMPSF.  As  explained  in  Section  VII-F,  the 
form  of  the  Constrained  Cargo  Factoring  Model,  as  it  would  be  implemented 
in  the  FMF  of  the  1980s,  would  be  different  from  the  version  developed 
during  this  study.  If  implementation  of  GALAS  is  required,  computer 
documentation  would  be  prepared  at  that  time,  describing  the  final  version 
of  all  computer  programs  within  that  system. 

A.  Main  Program 

I 

Figure  E-1  is  the  generalized  flow  chart  for  Program  AMPSF.  The 
following  explanation  refers  to  the  flow  chart.  The  program  consists 
of  two  routines:  a main  program  AMPSF  and  the  subroutine  CONST.  Routine 

AMPSF  is  programmed  to  execute  once  for  each  constraint  planned  for  the 
analysis.  A Do  loop  is  set  up  to  provide  the  continued  execution.  Values 
for  the  constraints  are  provided  to  the  program  in  an  array  by  Data 
Statement.  In  order  to  have  the  program  execute  exactly  the  same  for 
each  constraint,  the  input  file,  consisting  of  the  card  input  decks, 
are  written  to  the  disk  by  control  cards  and  then  attached  to  the  program 
before  execution.  Rewinding  the  disk  file  containing  the  input  data 
decks  alone  after  each  execution  of  the  program  then  becomes  possible. 
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FIGURE  E-1.  PROGRAM  AMPSF 
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Ths  program  also  reexecutes  by  rewinding  the  input  data  files  after 
reallocating  excess  square  cargo  capacity  to  bulk  while  processing  the 
same  constraint.  Control  is  passed  to  entry  point  6 on  the  figure  for 
this  purpose. 

The  cargo  factor  deck  is  read  into  an  array  and  placed  in  common, 
providing  a look  up  table  for  each  unit  in  the  AE  to  Subroutine  CONST. 

The  Amphibious  Ship  Characteristic  Deck  i<^  read  by  the  program,  permitting 
the  bulk  and  square  loading  capacity  totals  to  be  obtained.  These  totals 
are  modified  on  those  runs  where  reallocation  of  square  to  bulk  took 
place.  The  total  square  used  becomes  the  square  capacity,  and  the  converted 
additional  bulk  space  from  the  excess  square  is  added  to  the  previous  total 
bulk.  The  lift  capacity  for  each  ship  in  the  deck  is  written  to  output. 

The  format  for  these  cards  and  the  data  contained  thereon  are  the  input 
to  the  TFE  Program.  Only  two  of  the  many  fields  on  this  card  are  used 
by  this  program.  The  dual  use  of  these  cards,  however,  adds  a greater 
dimension  to  the  analytical  effort.  The  broken  stowage  factor  for  bulk 
and  square  is  then  applied  to  the  total  lift  capacity. 

At  this  point  the  program  reads  the  unit  movement  requirement  deck 
and  executes  the  next  section  of  code,  once  for  each  unit.  After  process- 
ing each  unit,  control  is  passed  to  entry  point  9 after  completely  pro- 
cessing each  unit.  Control  is  passed  to  entry  point  4 after  the  last 
unit  card  is  processed.  When  a unit  card  is  read.  Subroutine  CONST  is 
called  passing  control  to  the  entry  point  on  Figure  E-2. 

After  each  upit  is  loaded  into  the  ships,  a check  is  made  to  deter- 
mine when  the  total  ship  capacity  is  exceeded.  A message  is  written  to 
output  indicating  which  unit  was  the  last  to  be  loaded  and  the  materiel 
of  that  unit  not  loaded,  if  any.  If  lift  capacity  is  not  exceeded  for 
the  unit  being  processed,  control  is  passed  to  9,  and  a new  unit  card  is 
read  for  processing  the  next  unit. 
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After  the  last  unit  is  proces*'ed,  control  is  passed  to  four,  and  a i 

check  is  made  to  determine  if  excess  square  exists  in  ship  capacity. 

When  this  occurs,  a conversion  of  the  excess  square  to  bulk  takes  place, 
and  control  passes  to  6,  where  the  program  will  be  rerun  entirely  for  the 
same  constraint  value  after  adjusting  the  lift  capacity  for  the  converted 
excess  square.  An  excess  square  condition  can  occur  only  once  for  the 
same  constraint.  On  the  second  pass  through  the  program  for  the  converted 
square,  the  program  bypasses  the  conversion  routine,  writes  the  lift 
status,  and  rewinds  the  input  disk  file.  At  this  point,  control  passes 
to  3 since  the  end  of  the  Do  loop  is  encountered.  The  program  is  ready 
to  execute  again  for  the  next  constraint.  When  the  last  constraint  run 
is  completed,  program  control  passes  out  of  the  Do  loop  and  processing 
terminates . 


B.  Subroutine  CONST 

In  Figure  E-2,  Subroutine  CX)NST  receives  the  bulk  and  square  cargo 
requirements  for  the  unit  being  processed  from  the  parameter  list.  The 
cargo  factor  lookup  table  is  provided  by  common  storage  arrays.  An 
additional  array  is  provided  to  CONST,  permitting  the  recalculation  of 
supply  classes  IIW  and  VIIW  mountout  from  a modification  factor  for  the 
combat  active  replacement  factor  (CARF)  used  in  mountout  calculations. 

This  data  is  provided  by  a DATA  Statement.  When  a modified  CARF  is 
desired,  a flag  is  set,  permitting  a change  in  mountout  for  classes  IIW 
and  VII  as  each  unit's  data  is  processed. 

The  first  operation  is  to  find  the  vmit  pas'ed  to  the  subroutine  in 
the  cargo  factor  lookup  table.  When  the  unit  is  found,  a code  is  obtained 
identifying  the  unit  as  a detachment  or  a complete  unit.  The  cargo  for 
the  detachment  is  not  constrained,  so  the  program  conducts  the  loading 
calculation  and  returns  control  to  MAIN. 
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FIGURE  E-2.  SUBROUTINE  CONST 
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For  complete  units,  the  cargo  factors  are  computed  for  bulk  and 
square,  T/E,  and  mountout.  The  constraint  is  then  computed,  based  on 
a code  found  in  the  lookup  table  providing  the  assigned  weight  to  the 


constraint  for  the  particular  unit. 

The  factored  cargo  quantities  are  then  calculated  for; 


(1) 

T/E  materiel  in  bulk 

(2) 

Mountout 

in  bulk 

(31 

T/E  materiel  in  square 

(4) 

Mountout 

in  square 

(5) 

Aviation 

materiel  in 

bulk 

(6) 

Aviation 

materiel  in 

square 

With  the  factored  cargo  available,  the  constraint  is  then  applied  to 
T/E  materiel  in  bulk  and  square.  A provision  is  made  in  this  routine 
to  limit  the  amount  of  the  constraint  applied  to  T/E  square  loaded 
items.  This  feature  is  required  when  Interfacing  the  square  feet  of 
the  unit's  T/E  reduced  to  the  specific  TAM  items  eliminated  by  the 
Constrained  T/E  Embarkation  Analysis  Model  of  Appendix  F.  When  process- 
ing a troop  list  through  GALAS,  the  limit  feature  on  applying  constraints 
to  square  loaded  T/E  materiel  is  frequently  used. 

The  DOS  for  mountout  may  be  changed  as  well  by  entering  a different 
value  in  the  DATA  Statement  of  the  main  program.  This  value  is  passed 
to  the  subroutine  in  the  parameter  statement.  Unless  a new  value  for 
DOS  is  entered,  mountout  remains  unchanged  in  the  processing  within  the 
subroutine . 

Supply  classes  IIA  and  VIIA  nonsquare  are  modified  to  factor  IMA 
materiel  from  the  totals  in  these  categories.  The  amount  to  be  included 
in  the  unit's  total  bulk  cargo  is  OMA  materiel.  The  IMA  materiel  is 
also  eliminated  from  class  VIIA  square.  It  should  be  noted  that  MAGTF 
data  includes  IMA  materiel  with  squadrons  having  the  aircraft,  thus 
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justifying  this  materiel  for  the  H6tM  squadron.  In  actual  practice,  the 
H&M  squadron  would  hold  this  IMA  materiel,  and  therefore  the  removal  of 
this  materiel  to  the  AFOE  would  be  from  H6il  squadron  materiel. 

After  all  the  adjustments  to  factored  cargo  are  completed,  the 
total  bulk  and  square  to  be  loaded  for  the  unit  is  summed,  and  the  load- 
ing operation  is  conducted.  A table  is  written  to  output,  listing  each 
unit's  input  and  adjusted  cargo  values  used  in  the  loading  operation. 
This  table  is  input  via  a manual  operation  to  the  Constrained  T/E 
Embarkation  Analysis  Model.  The  subroutine  then  returns  control  to  the 
main  program. 
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Appendix  F 

CONSTRAINED  T/E  EMBARKATION  MODEL 
Part  1;  Narrative  Description 
I BACKGROUND 


Each  standard  military  unit  in  the  Marine  Corps  has  a prescribed 
Table  of  Equipment  (T/E)  detailing  the  equipment  it  is  authorized  to 
maintain.  The  ability  of  a unit  to  perform  its  function(s),  is  pre- 
dicated on  the  availability  of  the  major  items  of  equipment  listed  in 
its  T/E,  Under  conditions  of  commander's  judgment,  climate,  intensive 
combat,  etc.,  addenda  are  permitted.  The  discussion  that  appears  in 
this  appendix  is  limited  to  the  standard  T/Es  of  basic  Marine  Corps 
units , 

During  the  planning  stage  prior  to  an  amphibious  operation,  each 
basic  unit  brings  its  complement  of  equipment  up  to  the  authorized 
strength  (if  it  is  not  so  already)  by  requisitioning  the  items  in  short  supply. 
However,  if  it  is  known  during  the  planning  phase  that  shipping  space 
will  be  insufficient  to  carry  the  entire  full  strength  T/E,  some  of  the 
unit's  equipment  will  have  to  be  left  behind  in  the  assault  echelon 
phase  of  the  operation.  Listings  showing  the  equipment  that  can  be  .-arried 
by  the  assault  echelon  under  space  constraints  should  be  prepared  during 
the  planning  phase. 

The  standard  T/E  assumes  that  there  will  be  no  shortage  of  shipping 
space  in  which  to  load  the  authorized  equipment;  but  if  there  is  such  a 
shortage,  two  problems  arise:  (1)  can  the  operation  be  successfully 

mounted;  and  (2)  what  part  of  the  full  strength  T/Es  should  be  carried 
by  each  unit  in  the  assault? 
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Thus,  the  problem  addressed  in  this  appendix  is;  given  that 
shipping  capability  is  limited  by  a fixed  constraint  (cube  or  square) 
for  an  amphibious  operation,  what  is  the  optimum  T/E  that  should  be 
loaded?  It  follows  that  when  there  is  a volume  or  square  constraint  on 
shipping,  the  objective  is  to  minimize  the  loss  in  efficiency  caused 
by  the  decrease  in  equipment  and  supplies. 


II  METHOD  OF  APPROACH 


A.  General  Description 

When  the  available  shipping  space  for  an  entire  MAF  is  inadequate 
for  loading  the  T/O  or  T/E  for  that  MAF,  the  first  step  in  the  solution 
of  the  oroblem  is  to  allocate  reduced  shipping  space  among  the  various 
units  that  make  up  the  MAF.  The  method  by  which  the  available  shipping 
space  is  allocated  is  discussed  in  Section  VI.  For  the  purposes  of 
the  Constrained  T/E  Embarkation  Analysis  Model  (CONTEAM) , it  is  assumed 
that,  for  each  military  unit,  a known  amount  of  cube  and  square  storage 
is  given.  The  problem  remaining  is  the  optimal  allocation  of  this 
scarce  space. 

i 

For  this  model,  only  the  class  II  and  the  class  VII  TAM  items  that  i 

appear  in  the  unit's  T/E  are  constrained.  If  this  procedure  is  unpalatable, 
the  constraint  can  theoretically  be  applied  to  any  other  class(es)  of  ^ 

supply.  This  procedure  produces  a concrete,  pared  down  T/E  that  is  smaller  j 

T 

than  the  standard  published  T/E  for  a unit.  Thus,  an  operations  officer  j 

can  examine  the  curtailed  T/E,  see  what  would  be  missing  from  the  assault  i 

echelon  phase,  and  determine  by  how  much  the  efficiency  of  the  assault  | 

phase  is  decreased  by  the  constraint.  | 

To  summarize,  this  appendix  describes  in  detail  the  method  of  | 

computing  a pared  down  or  constrained  T/E  for  a given  unit  under  square  J 

and  cube  constraints.  | 

The  output  from  the  CONTEAM  model  shows  for  each  unit's  T/E  the  j 

class  II  and  class  VII  TAM  items  to  be  omitted  from  the  assault  echelon  .j 

and  to  be  carried  by  the  follow-on  echelon  or  later  replenishment  phase.  | 
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B . Rationales  for  Computing  Constrained  T/Es 


Two  different  rationales  were  examined  for  computing  constrained 
T/Es.  The  first  rationale  fills  the  available  space  with  T/E  items 
(TAMs)  according  to  their  importance  to  the  unit--in  other  words,  every 
unit  of  every  TAM  competes  with  every  other  unit  of  the  same  and  other 
TAMs. 

In  the  second  rationale,  the  constrained  space  is  further  constrained 
by  first  filling  part  of  its  space  with  a "skeleton  T/E"  that  consists  of 
those  items  that  will  be  absolutely  essential  during  the  interval  between 
the  landing  of  the  assault  echelon  and  the  arrival  of  the  follow-on 
echelon.  The  balance  of  the  space  is  then  filled  according  to  the  previous 
logic . 

C.  The  Minimum  Strength  T/E  that  Can  Support  a Unit 

Philosophically,  it  is  interesting  to  debate  the  viability  of  a unit 
equipped  below  authorized  strength.  Actually  this  problem  is  one  that  is 
debated  in  real  time  by  military  planners--not  by  a research  organization 
or  a debating  society.  The  output  from  the  CONTEAM  model  simply  shows  the  i 

equipment  to  be  taken,  as  well  as  the  equipment  to  be  left  behind,  for  a 
unit  with  constrained  loading  space  and  leaves  to  the  operational  staff 
planning  the  operation  the  decision  of  whether  or  not  the  equipment 
allocated  to  this  space  is  sufficient. 

D.  The  Assignment  Priority  List 

For  the  exercise  of  constructing  a constrained  T/E,  one  of  the  key 
devices  is  the  assignment  priority  list.  This  list  shows  the  value  of 
each  unit  of  each  item  (TiV'l)  to  operational  readiness.  If  cube  is  the 
limiting  factor,  then  clearly  two  items  of  the  same  volume,  the  same 
consumption  rate,  and  the  same  criticality  rank  equally.  As  between  two  items 
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with  identical  criticalities  and  usage  probabilities,  but  with  different 
volumes,  the  item  having  the  smaller  volume  is  the  more  valuable  since 
it  puts  a smaller  strain  on  the  constrained  storage.  It  can  even  be 
shown  if  their  volumes  are  sufficiently  disparate,  it  may  be  advantageous 
to  load  several  units  of  one  item  and  no  units  of  another,  even  though 
the  items  are  identical  in  criticality  and  are  equally  likely  to  be 
utilized. 

The  logic  upon  which  this  seemingly  paradoxical  conclusion  is  based 
is  the  following.  Usage  rates  are  not  determinative,  but  are  stochastic. 

In  other  words,  there  is  a finite  probability  that  no  units  of  either 
item  will  be  utilized;  and  also  a probability  that  more  units  of  the 
plentiful  item  will  be  utilized  than  are  loaded.  Since  a penalty  will 
have  to  be  paid  if  either  item  is  short,  we  have  the  choice  of  chancing 
a shortage  in  one  or  both.  This  finite  chance  always  exists.  By 
deliberately  increasing  the  odds  of  a shortage  in  one  item,  we  are  then 
able  to  stock  enough  units  of  the  second  item  to  reduce  its  odds  of 
being  short  to  a very  low  figure.  Since  we  cannot  avoid  the  finite  prob- 
ability of  being  short  in  both  items,  it  can  be  advantageous  to  load  no 
units  of  one  of  the  items,  even  though  that  item  has  an  expected  usage 
rate  of  one  per  day. 

Thus  far  the  philosophy  behind  the  construction  of  the  priority 
assignment  list  has  been  described,  but  not  the  actual  method  of  construct- 
ing the  list  itself. 

E . Construction  of  the  Assignment  Priority  List 

The  priority  assignment  list  is  a ranking  showing  the  added  benefit 
or  advantage  that  accrues  from  having  on  hand  each  additional  unit  of 
each  TAM  item.  Considering  the  penalties  to  operational  readiness,  the 
first  unit  of  each  TAM  item  is  more  Important  than  the  second  unit  of 
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the  same  TAM  item;  the  latter  is  more  important  than  the  third  unit  of 
the  same  TAM  item,  etc.  The  reason  for  this  is  that  there  is  a chance 
the  first  unit  will  be  needed,  while  the  second  unit  will  either 
not  be  needed,  or  will  be  used  for  a less  critical  mission.  Hence,  the 
first  unit  protects  more  by  itself  than  does  the  incremental  protection 
purchased  by  the  addition  of  the  second  unit,  presuming  the  first  unit 
is  already  on  hand. 

Again  considering  the  penalties  to  operational  readiness,  the  second, 
or  even  the  third  or  fourth  unit  of  one  TAM  item  may  be  more  important 
than  the  first  unit  of  another  item  of  the  same  criticality.  The  measure 
of  importance  or  protection  is  the  amount  of  operational  readiness  afforded 
per  cubic  foot  or  per  square  foot  of  storage  space.  It  is  at  this  point 
that  the  constraint  of  limited  storage  space  makes  its  influence  felt. 

What  is  being  pursued  is  the  maximum  amount  of  protection  or  operational 
readiness  per  cubic  foot  or  per  square  foot  of  storage  space. 

It  must  be  emphasized  that,  if  there  is  no  limit  on  the  resources 
to  be  loaded  for  the  assault  echelon,  there  is  no  problem  to  contemplate. 

Constraints  on  the  T/Es,  due  to  the  lack  of  shipping  availability,  lie  i| 

at  the  heart  of  the  problem. 

Previously,  the  value  of  a unit  was  defined  as  the  incremental 
protection  afforded  per  cubic  foot  or  per  square  foot  for  that  unit. 

The  meaning  of  "per  cubic  foot"  or  "per  square  foot"  should  be  clear; 
now  the  meaning  of  "incremental  protection  afforded"  by  that  unit  can 
be  explained. 

Attention  is  fixed  on  a particular  TAM  item.  The  incremental  pro- 
tection afforded  by  the  first  unit  of  that  TAM  item  is  simply  the 
probability  that  that  item  will  be  needed  for  its  highest  function.  For 
the  second  unit  of  the  same  TAM  item  the  Incremental  protection  afforded 
by  this  unit  is  the  probability  that  exactly  two  units  are  needed,  less 
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the  probability  that  exactly  one  unit  is  needed.  The  incremental  protection 
afforded  by  the  third  unit  is  the  probability  that  exactly  three  units  are 
required,  less  the  probability  exactly  two  units  are  required.  And  so  on 
for  the  fourth,  fifth,  and  subsequent  units. 

These  individual  probability  terms  depend,  in  turn,  on  the  probability 
distribution  for  the  TAM  item  in  question.  The  distribution  is  determined 
essentially  by  historical  experience. 

For  a large  class  of  TAM  items,  the  probability  distribution  is  well 
represented  by  a Poisson  distribution,  the  terms  of  which  are  easily 
calculated  once  an  average  demand  is  known. 

For  an  item  with  mean  demand  (or  expected  need)  exceeding  4,  the 
demand  distribution  was  assumed  to  be  (truncated)  normal,  with  mean  a and 
variance  a. 

For  each  item,  then,  the  incremental  probability  advantages  are 
computed,  multiplied  by  the  item's  criticality  and  divided  by  the  item's 
cube  (square).  The  sets  of  numbers  so  obtained  are  sorted,  and  the  final 
priority  assignment  list  might  look  as  follows: 

Item  Unit  Number 


This  table  shows,  for  example,  that  the  first  unit  of  item  3 is  more 
valuable  per  cubic  foot  than  the  third  unit  of  item  1,  but  less  valuable 
than  the  second  unit  of  item  1. 
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F.  Disadvantages  of  the  Above  AlRorithm 

If  TAMs  are  added  to  or  removed  from  a T/E,  the  entire  assignment 
priority  list  must  be  resorted.  Even  if  a single  T/E  quantity  for  a 
TAM  changes,  a complete  resort  is  necessary.  A more  serious  difficulty 
comes  from  the  fact  that  the  Incremental  values  must  be  computed  for  a 
very  large  number  of  units  of  each  TAM;  thus,  the  number  of  entries 
(TAM  no. --Unit  no.)  to  be  sorted  can  be  very  large  even  for  a T/E  of 
modest  size. 
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Ill  AN  ALTERNATIVE  METHOD  OF  COMPUTING  AN  ASSIGNMENT  PRIORITY  LIST 

FOR  A CONSTRAINED  T/E 
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The  main  logic  of  the  alternate  method  of  constructing  an  assignment 
priority  list  for  a constrained  T/E  is  quite  similar  to  the  logic  used  in 
Volume  II  of  the  SRI/NWRC  report,  "Pre  D-Day  Fleet  Marine  Force  Materiel 
Requirements  Determination  and  Distribution  System  (1975-80)."^  Detailed 
flowcharts  appear  in  that  reference. 

First  a spectrum  of  trial  values  of  the  parameter  LAM  (the  Lagrangian 
parameter  \)  is  taken.  The  trial  values  of  LAM  should  be  in  the  neighbor- 
hood of  the  reciprocal  of  the  largest  T/E  quantity.  Since  it  is  not  at 
all  burdensome  to  make  simultaneous  calculations  for  as  many  as  twenty- 
five  different  values  of  LAM,  one  can  assign  several  starting  values  of 
LAM  on  either  side  of  the  reciprocal  of  the  largest  T/E  quantity. 

Next,  for  each  value  of  LAM,  and  for  each  TAM  item,  the  optimal 
number  of  units  to  be  included  in  the  "constrained  T/E"  is  computed 
according  to  the  procedure  described  in  the  "Pre  D-Day"  study. 

As  the  calculations  proceed  from  one  TAM  to  the  next,  cumulative 
totals  for  cube  (square)  are  kept  in  a running  fashion  for  each  of  the 
values  of  LAM.  At  the  termination  of  this  phase  of  the  calculations-- 
i.e.,  when  all  TAMs  have  been  processed--there  will  be  a set  of  up  to 
twenty-five  tentative  constrained  T/Es,  one  for  each  of  the  twenty-five 
starting  values  of  LAM.  In  general,  the  number  ,of  units  shown  for  each 
TAM  will  be  a fraction.  It  is  assumed  in  the  preliminary  calculations 
that  each  TAM  is  divisible.  This  device  is  a convenient  fiction  to  make  it 
possible,  in  the  next  step,  to  enable  a more  accurate  interpolation  for  a 
new  value  of  LAM  which  will  allow  us  to  more  accurately  obtain  the  target 
constraint . 
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It  can  happen  that  one  of  the  starting  values  of  LAM  gives  a con- 
strained T/E  that  is  close  to  the  specified  cube  (or  square).  With  a 


minor  final  adjustment,  the  computation  is  then  finished. 

If  (on  the  other  hand)  none  of  the  starting  values  of  gives  a 
constrained  T/E  that  is  reasonably  close  to  the  preassigned  square  or  \ 

cube,  further  computation  is  required.  Ordinarily,  this  is  easy.  There 
will  be  two  values  of  LAM  that  result  in  T/E's  that  bracket  the  desired 
constrained  T/E.  Several  new  values  of  LAM  can  then  be  chosen  (between 
the  two  values  last  mentioned).  The  entire  process  just  described  can 
be  repeated  until  a satisfactory  constrained  T/E  is  obtained. 


IV  EXPRESSING  UNIT  OPERATIONAL  READINESS 


By  assigning  a weight  (or  importance)  to  each  item  of  equipment  of 
a unit,  a measure  or  index  of  operational  readiness  can  be  calculated  that 
is  oriented  toward  the  unit's  operational  function(s). 

In  this  study  readiness  is  estimated  by  assigning  a weighted  value 
to  each  priority  category  of  equipment.  For  this  procedure  designate: 


c = criticality  of  a high-priority  item  = 8 

h 

c = criticality  of  a medium-priority  item  = 4 

m 

c^  = criticality  of  a low-priority  item  = 2 

c = criticality  of  a non-priority  item  = 1 

n 


q = quantity  of  a high-priority  item 
h 

q = quantity  of  a medium-priority  item 
m 

q^^  = quantity  of  a low-priority  item 

q = quantity  of  a non-priority  item 

n 

Thus  overall  readiness,  OR,  can  be  expressed  by 


qc+qc+qc+qc  , ,,, 

h h mm  11  n n (for  constrained  T/E) 

*^h*^h  "^m^m  *^1^1  *^n^n  (for  authorized  T/E) 


h m in 


8q'  + 4q'  + 2q'  + q' 
h m In 
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The  weights  should  be  assigned  by  operational  judgment.  In  this 
study  the  weights  were  assigned  as  8,4, 2,1  running  from  the  highest  - 
priority  items  according  to  importance  to  their  unit's  mission. 

For  a given  T/E  and  unit,  multiplying  the  quantity  (density)  of  each 
item  of  equipment  by  its  weight  (criticality)  and  summing  the  products 
will  give  a value  that  indicates  full  or  maximum  readiness  for  that  unit. 

If  for  some  reason  the  T/E  must  be  constrained  by  lack  of  shipping,  avail- 
ability of  T/E  items,  etc,  the  quantities  that  can  be  shipped  or  that  are 
available  can  be  multiplied  by  their  weighting  factor  and  after  summing 
the  products  the  value  of  readiness  obtained  can  be  compared  against  that 
value  of  readiness  obtained  from  a 1007..  filled  T/E  and  expressed  as  a 
percentage . 

For  study  purposes  three  readiness  indexes  were  calculated  for  each 
unit;  (1)  An  index  for  square  loaded  items,  (2)  an  index  for  cube  loaded 
or  bulk  items,  and  (3)  an  overall  index  for  all  items  of  a unit. 

The  overall  OR  index  gives  the  capability  for  examining  important  trade-offs. 
As  an  example,  take  an  M1038  Infantry  Battalion.  Suppose  only  917>  of  the 
required  square  is  available  for  square-loaded  items,  and  647«  of  the  required 
cube  is  available  for  bulk  loaded  items.  By  using  thCy^Constrained  T/E 


Embarkation  Analysis  Model,  a preliminary  constraKfed  T/E  is  computed.  The  OR 
index  for  this  constrained  T/E  turns  out  to  be  85.05. 

Now  suppose  for  the  same  unit  the  square  is  further  constrained  to 
857o  of  the  square  required  to  load  the  entire  T/E  for  M1038  and  let  this 
reduction  in  square  be  reallocated  to  increase  the  loading  capacity  for 
the  units  bulk  cargo.  By  the  usage  of  the  CCF  model,  it  is  shown  that 
this  trade-off  (increasing  the  amount  of  square  stowage  that  is  left 
unloaded  from  97.  to  157<.)  increases  available  bulk  cargo  loading  space  from 


64 /o  to  757o. 
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To  determine  if  this  reallocation  is  beneficial,  the  Constrained  T/E 
Embarkation  Model  is  again  employed  and  an  Operational  Readiness  Index  of 


I 


87.73%  is  computed. 

Therefore  it  can  be  deduced  that  by  reducing  the  square  loaded  from 
91%  to  857„  and  reallocating  this  space  to  bulk  cargo,  an  increase  in 
Operational  Readiness  from  85.05  to  87.73  results. 

The  logic  of  the  Operational  Readiness  Index  is  impeccable  if  one 
is  willing  to  admit  that  the  shortages  can  be  ranked  in  importance;  e.g., 
a shortage  of  paper  towels  is  not  equivalent  to  a shortage  of  generators, 
even  though  both  shortages  do  cause  trouble.  By  assigning  a weight  or 
criticality  to  each  item  of  a T/E,  we  can  assign  a measure  of  how  painful 
a shortage  of  an  item  is  to  a unit.  Each  shortage  of  an  item  decreases 
the  efficiency  of  a unit  and  it  is  precisely  this  loss  of  efficiency  that 
the  Operational  Readiness  Index  measures. 
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V EXPRESSING  CRITICALITY 


There  is  no  generally  agreed  upon  measuring  rod  of  criticality. 

Perhaps  this  is  because  criticality  is  difficult  to  measure.  Criticality 
of  a particular  item  varies  with  the  combat  or  support  situation.  Evalua- 
tion of  the  importance  of  a given  piece  of  equipment  can  even  vary  between 
two  officers  trained  in  the  same  field  in  assessing  the  relative  criticality 
of  various  pieces  of  equipment,  weapons,  or  repair  parts. 

It  is  necessary  to  point  out  the  connection  between  "criticality"  in 
the  sense  of  "combat  critical"  and  the  other  meanings  of  the  term.  These 
additional  meanings  Include  the  following: 

Procurement  Lead  Time 


If  a piece  of  equipment,  say  a turbine,  a generator,  or 
special  purpose  gasoline-powered  motor,  can  be  procured  only 
with  difficulty  from  one  source  (manufacturer) , more  attention 
must  be  paid  to  transporting,  ordering,  supplying,  and  deploy- 
ing this  item  than  in  the  contrary  situation. 

Distribution  Time 


Items  that  require  a particularly  long  packing,  processing, 
or  distribution  time  are  critical  in  another  sense.  Extremely 
fragile  and  medical  supply  items  are  examples  of  items  that 
might  require  special  handling. 

Relative  Dependence 

There  is  a certain  relativity  of  criticality  between 
certain  pairs  of  items.  Film  or  blood  plasma  cannot  be  stored 
without  a refrigerator.  Ammunition  is  useless  without  a weapon. 
Sophisticated  weapon  systems  may  be  ineffective  without  aircraft 
spotters.  Thus  it  can  be  seen  that  the  criticality  of  one  item 
can  be  dependent  on  the  availability  or  non-availability  of  a 
second  item. 
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It  is  assumed  that  criticality  is  greater  for  the  first  few  units 
of  an  item  than  for  the  Last  few  units  of  a given  item.  Thus,  if  a T/E 
requires  58  radios,  and  all  radios  are  planned  to  be  in  use,  we  still 
might  assume  that  the  military  unit  will  be  functional  with  only  29 
radios,  even  though  the  next  29  would  also  serve  an  important  function. 

Note  that  the  rationale  just  explained  is  only  that.  It  is  not 
intended  to  be  a philosophical  discussion  of  the  true  criticality  of 
any  one  of  the  radios.  All  that  is  presented  is  a method  of  computation; 
a method  that  enables  the  production  of  a "constrained  T/E."  If  the 
"constrained  T/E"  is  not  appealing  to  the  planner,  he  is  at  liberty  to 
change  it  according  to  his  independent  judgment.  The  computer  program 
that  utilizes  this  concept  is  to  be  thought  of  as  only  a first  step  in 
the  planning  process.  If  it  does  not  produce  a final  result,  at  least 
it  produces  something  of  value  as  an  intermediate  result. 

Lacking  reports  of  a definitive  criticality  study,  one  can  success- 
fully assign  criticalities  if  he  bears  the  following  in  mind.  First, 
successful  management  of  many  T/Es  must  be  automated,  at  least  in  part. 
Second,  automation  is  even  more  successful  if  criticality  ratings  can 
be  assigned  to  items  in  a reasonable  manner.  Third,  accuracy  but  not 
perfection  in  the  assignment  of  criticality  is  required.  Fourth,  little 
success  is  achievable  if  every  item  is  rated  "highest  criticality." 
Relative  ratings  must  be  given.  Fifth,  a system  is  more  easily  managed, 
and  to  that  extent  more  efficient,  if  not  too  many  items  are  given  the 
highest  criticality  rating. 

It  must  be  remembered  that  all  T/E  items  are  "critical"  in  the  lay 
sense  of  the  word.  An  item  is  placed  in  a unit's  T/E  because  it  is 
valuable  to  that  unit.  The  Important  function  is  to  assign  relative 
criticalities  to  each  item  within  a T/E. 
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The  Constrained  T/E  Embarkation  Analysis  Model  is  a useful  tool  in 
assisting  the  operational  planning  officer  in  assigning  criticalities. 

By  varying  hj.s  criticalities  for  various  items  and  studying  the  shortage 
lists,  the  planner  will  be  able  to  adjust  his  assumptions  to  obtain 
results  that  Improve  upon  his  field  experience.  The  user  of  the  model 
will  also  learn  that  sensitivity  of  the  model  to  variations  in  criticality 
ratings  is  greater  for  large  items  than  for  small  ones. 

If  criticality  has  any  meaning  at  all,  it  should  be  taken  into 
account  in  the  "constrained  T/E"  logic.  To  place  insufficient  emphasis 
on  criticality  is  to  decrease  operational  readiness. 
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VI  ASSIGNING  CRITICALITY 
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A.  Introduction 

The  importance  of  an  item  of  equipment  to  a unit's  mission  can  be  ' 

derived  by  relating  its  usage  to  specific  functions  of  the  unit  and,  in  j 

i 

turn,  determining  the  relative  importance  of  the  specific  functions  to 

the  unit's  combat  mission.  | 

For  the  purpose  of  this  study  each  T/E  item  was  assigned  a priority  | 

that  related  to  its  importance  to  the  unit’s  mission.  Four  categories 
or  ranks  of  priorities  were  established; 

• High-Priority 

• Medium-Priority 

• Low-Priority 

• Non-Priority. 

The  scoring  procedure  for  criticality  was  8,4, 2,1  from  most  critical 

I 

to  least  critical.  As  between  categories  the  scoring  value  is  arbitrary,  ’ 

but  for  study  purposes  we  assumed  the  items  in  the  highest  priority  category 

are  twice  as  badly  needed  as  items  in  the  second  priority  category  and  so  ; 

on  down  the  line.  The  relative  pain  of  shortages  is,  therefore,  8, 4, 2,1. 

These  figures  can  easily  be  changed  without  jeopardizing  the  rationale  of 
our  calculations.  For  example,  certain  weapons  or  super  critical  items 
can  be  given  artifically  high  priorities  so  that  the  program  always  prefers 

them  to  other  items.  I 
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B . Item  Usage  PeslRnation  (Designation  of  Application  of  a Given  T/\M) 

Before  a criticality  can  be  assigned  a piece  of  equipment  for  a unit, 
it  is  necessary  to  relate  each  principal  item  (TAM)  to  a function,  and  in 
some  cases  more  than  one  function,  performed  by  FMF  units.  fhe  twenty-two 
discrete  functions  that  a unit  may  perform  are  listed  below  and  described 
later  in  this  appendix. 


1. 

Infantry  Combat  Small  Arms 

Employment 

2. 

Fire  Support 

3. 

Fire  Support  Control 

4. 

Mobility 

5. 

Communications 

6. 

Intelligence 

7. 

Surface  Transportation 

8. 

Engineer  Construction 

9. 

Demolition/Obstacle  Clearance 

10. 

Supply 

11. 

Maintenance 

12. 

Cargo  Handling 

13. 

Service  Support 

14. 

Medical 

15. 

Air  Support  Control 

16. 

Power  Generation 

17. 

Ordnance  Delivery 

18. 

Air  Control 

19. 

Air  Operations  Support 

20. 

Air  Transport 

21. 

Communications/Electronics 

Maintenance 

22. 

Aviation  Maintenance 
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Examples  of  this  functional  assignments  are: 


TAM 

DESCRIPTION 

FUNCTIONAL  GROUP 

A0240 

CENTRAL  OFFICE  TELEPHONE 

COMMUNICATIONS 

A0380 

COUNTERMEASURES  SET 

INTELLIGENCE 

B0780 

GENERATOR  SET 

POWER  GENERATION 

D0900 

TRUCK,  AMBULANCE 

MEDICAL 

For  a complete  catalog  breakdovm  of  all  items  in  the  table  of 

essential  equipment  (TEE)  the  reader  may  refer  to  Table  F-1. 

It  should  be  noted  that  the  criticality  of  the  same  TAM  can  vary 
depending  on  the  military  unit  for  which  it  is  listed  in  the  various 
T/Es.  For  example,  if  a unit  has  "communications"  as  one  of  its  primary 
functions,  and  the  TAM  item  is  a radio  or  a telephone  switchboard,  the 
TAM  is  high-priority  (8)  for  that  unit.  However,  should  another  unit 
have  "communications"  as  a secondary  function,  the  radio  or  telephone 
switchboard  would  be  assigned  as  a medium-priority  (4)  item. 
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VII  EVALUATION  OF  ITEM  IMPORTANCE  TO  UNITS 


To  determine  how  each  item  of  equipment  relates  to  a unit's 
primary  and  secondary  operational  functions,  it  was  first  necessary  to 
specify  22  discrete  functions  that  units  may  perform.  These  functions 
are  listed  below.  The  nature  of  each  function  is  self-evident  in  the 
listing,  but  in  some  cases  it  was  necessary  to  add  qualifying  constraints 
to  discriminate  equipment  use  in  tha  functions.  An  obvious  example  of 
this  discrimination  is  in  the  mobility  and  transportation  functions.  Both 
of  these  functions  are  in  the  general  function  of  movement  of  personnel 
and  materiel.  However,  more  specific  equipment  use  is  defined  by  dividing 
this  general  function  into  mobility,  which  includes  unit  movement/displace- 
ment, and  internal  movement  of  personnel  and  transportation,  which  includes 
all  other  forms  of  surface  movement  of  personnel  and  materiel.  The  functions, 
together  with  their  respective  qualifying  constraints,  are  as  follows:- 

• Infantry  Combat  Small  Arms  Employment 

Employment  of  individual  and  crew  served  weapons  up  to 
and  including  81mm  mortar  and  the  106  recoilless  rifle-- 
does  not  include  4.2"  mortar. 

• Fire  Support 

Employment  of  equipment  used  directly  for  delivery  of 
fire  support,  including  4.2"  mortar,  105mm  howitzer  and 
larger . 

• Fire  Support  Control 

Fire  direction  and  supporting  arms  coordination. 

• Mobl lity 

Unit  movement/displacement ; internal  movement  of 
personnel . 
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Communications 


• Communications 


Operational  communications  only. 

• IntelllRence 

Collecting  and  processing  of  intelligence.  Functional 
importance  rating  does  not  necessarily  reflect  the  unit's 
need  for  intelligence--e . g. , a unit  may  have  a great  need 
to  receive  the  finished  product,  but  have  no  equipment 
for  collecting  a”d  processing  intelligence. 

• Surface  Transportation 

Transportation  of  personnel  and  material  external  to  the 
unit,  and  transportation  of  supplies  for  internal  unit 
distribution;  supply  point  distribution  for  unit,  and/or 
logistic  support. 

• Engineer  Construction 

• Demolition/Obstacle  Clearance 

• Supply 

• Maintenance 

Equipment  maintenance  other  than  communications/ 
electronics  and  aviation. 

• Cargo  Handling 

• Service  Support 

Combat  service  support  functions  other  chan  engineer 
construction,  supply,  maintenance,  cargo  handling, 
medical,  transportation,  and  power  generation. 

• Medical 

• Air  Support  Control 

• Power  Generation 

• Ordnance  Delivery 

Equipment  in  this  category  limited  to  LAAM,  FAAD,  and 
MASS.  Includes  actual  delivery  and  control  of  delivery. 
If  aircraft  were  in  the  LM2  cards,  they  would  be  in  this 
category.  GSE  for  activities  such  as  rearming  are  in 
A/C  maintenance  category. 
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• Air  Control 

Air  control  functions  other  than  Air  Support  Control 
and  Air  Traffic  Control, 

• Air  Operations  Support 

Air  Traffic  Control  and  ground  support  operations,  other 
than  maintenance,  that  are  unique  to  aircraft  operation. 

• Air  Transport 

Equipment  in  this  category  includes  items  used  in  delivery 
of  material  by  air  transport--e.g. , aerial  delivery 
containers . 

• Communications /Elec ironies  Maintenance 

• Aviation  Maintenance 

The  assigned  mission  of  each  organization  was  then  examined,  and  each  of 
the  22  functions  was  classed  as  follows: 

A:  Primary 

B:  Secondary-directly  affects  primary 
C;  Tertlary--af fects  general  performance  of  unit. 


Functions  that  did  not  fall  into  these  categories  were  designated  as  non- 
applicable.  The  functions  for  two  units  (M1038  and  M1758)  are  classified 
in  Tables  F-2  and  F-3. 


i 


Table  F-2 

M1038  INFANTRY  BATTALION  FUNCTIONS, 
BY  RELATIVE  IMPORTANCE 


Primary  Functions  (A) 

Infantry  Combat/SA  Employment 

Mobility 

Communications 

Secondary  Functions  (B) 

Intelligence 

Demolltlon/Obstacle  Clearance 
Medical 

Air  Support  Control 
Power  Generation 
Comm/Elect  Maintenance 

Tertiary  Functions  (C) 

Supply 

Maintenance  (except  Comm/Elect) 
Service  Support 


Table  F-3 


M1758  SERVICE  BATTALION  FUNCTIONS, 
BY  RELATIVE  IMPORTANCE 

Primary  Functions  (A) 

Surface  transportation 
Supply 

Maintenance  (except  Comm/Elect) 
Service  Support 
Comm/Elect  Maintenance 

Secondary  Functions  (B) 

Engineer  construction 
Cargo  handling 
Power  Generation 

Tertiary  Functions  (C) 

SA  Employment 
Mobility 
Communicat ions 
Intelligence 
Medical 
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Table  F-4  is  a full  listing  of  the  functions  in  each  of  the  three 
categories  for  each  unit.  Each  principal  item  was  classified  as  either 
equipment  that  performs  a primary,  a secondary,  or  no  role  in  fulfilling 
each  of  the  22  functions.  Secondary  ..classification  was  assigned  only  in 
a few  cases  where  it  was  clearly  indicated.  For  example,  D1160  1/4-ton 
truck  (M151A1)  is  classified  as  making  a primary  contribution  to  mobility, 
and  no  contribution  to  any  of  the  other  functions.  Table  F-1  lists  the 
functional  uses  of  each  of  the  equipment  items,  by  TAM  number. 


To  determine  an  item's  importance  to  a unit,  one  scans  all  uses  for 
which  that  item  has  primary  application.  If  primary  application  is  found 
in  any  function  that  is  a primary  function  of  the  unit,  the  item  is  deter- 
mined to  be  a high  priority  item  to  that  unit.  If  an  item  is  not  a high 
priority  item,  but  it  has  secondary  application  in  a primary  function  or 
primary  application  in  a secondary  function  it  is  called  a medium  priority 
item.  If  the  item  has  application  in  tertiary  function  or  secondary 
application  in  a secondary  function  it  is  called  a low  priority  item.  A 
process  of  refinement  of  unit  function  and  item  use  designations  caused 
all  TAM  items  in  the  EAF  to  be  found  in  one  of  these  three  priority  levels-- 
high,  medium,  or  low.  (Maintenance  float  items  were  tabulated  separately 
without  consideration  of  priority.) 


The  EAF  was  then  searched  for  equipment  to 
each  item  was  classified  to  be  of  high,  medium, 
listings  of  individual  items  for  each  unit  were 
are  too  extensive  to  appear  in  this  appendix. 


be  found  in  each  unit; 
low,  or  nonpriority.  Full 
also  obtained,  but  they 
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(1)  (2)  (3)  (4)  (5)  (6)  (7)  (8)  (8)  (lU)  (11)  (12)  (13)  (14)  (15)  (16)  (21) 

S.  A.  Firv  Service  Air 

Eirploy-  Fire  Support  Engr.  Demo-  Maint.  Cargo  Support  Support  Power  C.E. 

meat  Support  Control  Mobility  Comm.  Intel!.  Transport  Conatr.  lition  Supply  ( - ) Handling  ( - ) Med.  Control  Gener.  Maint. 


Table  F-4 
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(1)  (2)  (J)  (4)  (5)  (6)  (7)  (b)  (9)  (10)  (11)  (12)  (13)  (U)  (IS)  (16)  (20)  (21)  (22) 

S.  A.  Fire  Air 

Employ-  Fire.-  Support  Engr.  Demo-  Maint.  Cargo  Service  Support  Power  Air  C.E.  Avn, 

merit  Support  Control  Mobility  Comm.  Intell.  Transport  Constr.  lition  Supply  ( - ) Handling  Support  Med.  Control  Gener.  Traorport  Maint.  Maint 


Table  F-4  (continued) 


(1)  (I)  (5)  (6)  (7)  (H)  (9)  (10)  (11)  (12)  (13)  (14)  (15)  (16)  (17)  (18)  (19)  (20)  (21)  (22) 

S.A,  Air  Air 

Employ-  Surface  Er^r.  Demo-  Maint.  Cargo  Service  Support  Power  Ord,  Air  Opnr.  Air  C.E.  Avn. 

menl  Mobility  Comm.  Intell.  Transport  Constr.  lition  Supply  ( - ) Handling  Support  Med,  Control  Ciener.  Delivery  Control  Support  TranKport  Maint.  Maint. 


Table  F-4  (concluded) 


I 


The  criticality  computation  for  TAMs  within  a T/E  is  logically 
summarized  in  Figure  F-1. 


PROCESS  EACH  TAM  IN  UNIT'S 
AUTHORIZED  T/E 


DOES  THE  TAM  HAVE  APPLI- 
CATION IN  SUPPORTING  ANY 
OF  THE  PRINCIPAL  FUNCTIONS 
OF  THE  UNIT? 


ASSIGN  HIGHEST  PRIORITY 
TO  TAM 


PROCESS  THE  NEXT  TAM 


(CONTINUED  NEXT  PAGE) 

FIGURE  F-  1 . FLOW  DIAGRAM  ILLUSTRATING  THE  ASSIGNMENT  OF  PRIORITIES  TO 
TAMS  ACCORDING  TO  THE  IMPORTANCE  OF  THE  FUNCTION  THE  TAMS 
SUPPORT  WITHIN  THE  UNIT 
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DOES  TAM  HAVE  APPLICATION  IN 
SUPPORTING  UNIT'S  SECONDARY 
FUNCTION? 


ASSIGN  MEDIUM  PRIORITY  TO  TAM 


PROCESS  THE  NEXT  TAM 


DOES  THE  TAM  HAVE  APPLICATION 
IN  SUPPORTING  UNITS  TERTIARY 
FUNCTION? 


ASSIGN  LOW  PRIORITY  TO  TAM 


PROCESS  THE  NEXT  TAM 


ASSIGN  LOWEST  PRIORITY  TO  TAM 


PROCESS  THE  NEXT  TAM 


FIGURE  F-  1 . (CONCLUDED) 
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IX  THE  CONTE AM  MODEL 


A.  Introduction 

The  CONTEAM  model  is  a computerized  planning  aid  to  assist  the  opera- 
tional planner-officer  in  deciding  which  items  of  materiel  he  must  leave 
behind  when  preparing  a load  list  under  cube  and/or  square  loading  constraints 
due  to  reduced  shipping  availability. 

A brief,  nontechnical  description  of  the  model  follows. 

B . Input  Parameters  Required  for  the  CONTEAM  Model 

For  the  algorithm  it  is  necessary  to  have  the  following  input  para- 
meters for  each  unit  being  constrained; 

(1)  Quantities  of  each  class  II  and  class  VII  TAM  items  that 
appear  in  the  unit's  T/E 

(2)  Cube  of  each  item  (if  the  item  is  cube  loaded) 

(3)  Square  of  each  item  (if  the  item  is  square  loaded) 

(4)  Item  square  stowage  indicator  (for  each  item) 

(5)  Square  constraint 

(6)  Cube  constraint. 

In  addition,  item  criticality  to  the  unit  is  utilized;  however,  this 
factor  is  computed  wituin  the  model. 

The  T/E  quantities,  square,  cube,  and  square  stowage  indicator  for 
a given  Marine  Corps  unit  can  be  retrieved  from  the  MAGTF  data  base.  Out- 
put from  the  Constrained  Cargo  Factoring  Model  (CCF)  provides  the  cube 
and  square  constraints. 
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Computation  of  the.  Constrained  T/E 

The  logic  of  the  algorithm  Is  given  In  the  flowchart  of  the  CONTEAM 
model.  A description  of' the  model  follows. 

1 .  First  Step 

Read  the  square  and  cube  constraints  for  the  unit  being  constrained. 
Input  the  T/E  quantity,  square,  cube,  and  square  stowage  indicator  for  each 
item  in  the  unit.  Compute  the  total  cube  and  square  requirement  of  the 
unconstrained  T/E  for  the  unit. 


2.  Second  Step 

Compute  a "skeleton"  T/E  by  taking  one-half  the  highest  crit- 
icality TAM  items.  Check  whether  the  loading  of  this  "skeleton"  T/E  will 
overflow  the  cube  or  square  constraint  placed  upon  the  unit.  For  some 
Marine  Corps  units,  it  is  indeed  the  case  that  a relatively  modest  constraint 
will  make  it  impossible  not  only  to  load  the  entire  T/E,^  but  even  to  load 
that  part  of  the  T/E  consisting  of  one-half  the  TAMs  of  the  highest 
criticality  (frequently  for  the  square  loaded  items).  This  situation  will 
be  flagged.  It  does  indicate  the  necessity  of  either:  (1)  scrubbing  the 

mission,  or  (2)  loading  fewer  than  one-half  the  authorized  T/E  quantity 
of  TAM  items  in  the  category  of  highest  criticality. 

3.  Third  Step 


After  the  two  preliminary  steps  have  been  taken,  computation  of 
up  to  25  tentative  loading  lists  proceeds.  The  main  logic  of  the  CONTEAM 
model  is  quite  similar  to  the  logic  used  in  Volume  II  of  the  SRI/NWRC 
report  "Pre  D-Day  Fleet  Marine  Force  Materiel  and  Distribution  System 
(1975-1980)."^ 

Remembering  that  in  the  second  step  a "skeleton"  T/E  was  developed 
of  half  the  T/E  quantity  of  those  TAM  items  tliat  have  the  highest  criticality, 
this  phase  takes  the  remaining  items  in  the  T/E  (including  the  other  half  of 
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the  highest  criticality  items)  and  uses  probability  tables  to  compute  thv. 
quantity  of  each  of  the  remaining  TAMs  that  are  to  be  loaded  to  fill,  but 
not  to  overflow,  the  constraint.  This  gives  a tentative  T/E. 

The  last  phase  of  the  computation  is  an  interpolation  and  check- 
ing of  the  final  results  in  order  to  bring  the  tentative  T/E  even  closer 
to  the  constraint. 

The  output  of  the  program  is  a constrained  T/E,  plus  a list  of 
quantities  of  each  T/E  item  that  must  be  left  behind  under  the  constraint 
assumed  during  the  execution  of  the  CXINTEAM  model. 

4.  Fourth  Step 

As  emphasized  earlier,  the  computer  program  produces  nothing 
but  a tentative  T/E  that  may  need  to  be  adjusted  by  the  operational 
planning  officer.  (This  is  the  fourth  step.) 

The  program  can  be  modified  mathematically.  For  example,  the 
factor  "half"  in  the  second  step  can  be  altered  to  another  factor,  such 
as  "five-eighths."  However,  initial  trials  show  that  "half"  is  a reason- 
able mathematical  assumption  for  the  program.  The  priority  for  an  item 
may  be  changed  to  either  force  this  item  "in"  or  "out"  of  the  constrained 
T/E.  For  instance,  if  the  planner  wishes  the  program  to  select  weapons 
ahead  of  every  other  TAM  item,  he  would  assign  each  weapon  a very  high 
priority. 

After  the  planner  has  made  all  of  the  adjustments  he  deems 
necessary,  he  can  then  rerun  the  CONTEAM  model  to  obtain  a more  desirable 
T/E. 

D.  Flow  Charts  of  CONTEAM  Model 

A flow  chart  illustrating  the  steps  necessary  in  assigning  priorities 
to  items  of  materiel  according  to  their  importance  in  supporting  a unit's 
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functions  was  presented  in  Figure  F-2.  The  CONTEAM  model  commences  with 
the  Identical  logic.  Flow  charts  picking  up  the  logic  of  the  model  where 
Figure  F-2  leaves  off  follow. 

E . General  Characteristics  of  the  CONTEAM  Model 

For  TAM  items  that  occur  in  a unit's  T/E  with  authorized  quantities 
of  1 to  20,  the  program  will  include  TAMs  with  the  highest  criticality 
and  exclude  TAMs  with  the  next-to-highest  criticality  when  the  constraint 
amounts  to  60-75  percent  of  the  space  required  to  load  the  unit's  full 
authorized  T/E.  Of  the  TAMs  with  low  criticality,  the  bulky  ones  will  be 
selectively  excluded,  but  usually  in  part.  That  is,  the  quantity  admitted 
to  the  constrained  T/E  will  be  some  fraction  of  the  authorized  quantity. 
Nonpriority  TAM  items  will  probably  be  completely  excluded  from  tlie 
constrained  T/E. 

For  items  that  appear  in  the  unit's  T/E  with  authorized  quantities 
of  40-1200,  the  program  will  exclude  some  portion  of  the  full  T/E  quantity 
in  almost  every  case--even  for  the  highest  priority  items.  This  is  purely 
a function  of  the  algorithm  as  it  begins  to  favor  the  first  units  of  low 
priority  items  over,  say,  the  100th  unit  of  a higher  priority  item.  Ex- 
perience shows  these  results  to  be  useful,  although  they  can  be  modified 
if  the  planner  feels  this  is  necessary. 
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START 


INPUT 

UNIT'S  T/E 


READ  T/E  FOR  UNIT  SHOWING  FOR  EACH  TAM 
ITEM  ITS  SQUARE.  CUBE,  SQUARE  STOWAGE 
INDICATOR,  AUTHORIZED  QUANTITY  AND 
CRITICALITY (CALCULATED  AS  SHOWN  IN  FIG.l). 


INPUT  CONSTRAINT  FOR 
CUBE,  SUCH  AS  78% 


fsOO  CUBIC  FEET 


INPUT  CONSTRAINT  FOR 
SQUARE,  SUCH  AS  83% 


>OR< 


1000  SQUARE  FEET 


CALCULATE  25  VALUES  OF  LAM  (LAGRANGIAN 
PARAMETER)  RANGING  FROM  TWICE  THE 
RECIPROCAL  OF  LARGEST  CUBE  (OR  SQUARE) 
TO  10’°  TIMES  THAT  NUMBER 


SET  "DEMAND"  EQUAL  TO  MEDIAN  T/E 
QUANTITY  FOR  SQUARE  (SIMILARLY  FOR  CUBE) 


ACCUMULATE  TOTAL  SQUARE  AND  CUBE 
REQUIRED  FOR  UNCONSTRAINED  T/E 


COMPUTE  SPACE  REQUIRED  FOR  A "SKELETON" 
T/E  CONSISTING  OF  HALF  THE  AUTHORIZED 
QUANTITIES  BUT  ADMITTING  AT  LEAST  ONE 
UNIT  OF  EACH  ITEM  RESTRICTED  TO  THOSE 
ITEMS  WITH  CRITICALITY  8 


ri 

t; 


FIGURE  F- 


2 . 


PROGRAM  CONTEAM 
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COMPUTE 
QUANTITIES  OF 
REMAINING  ITEMS 


COMPUTE  MODIFIED 
CONSTRAINTS 
ON  SPACE 


STORE  THE  QUANITIES  OF  EACH 
ITEM  IN  THE  "RESERVED  SPACE" 


BY  SUBTRACTING  QUANTITIES  OF 
ITEMS  IN  'SKELETON'  T/E  FROM 
QUANTITIES  OF  ITEM  IN  AUTHOR- 
IZED T/E,  COMPUTE  "REMAINING 
T/E  QUANTITIES" 


COMPUTE  REMAINING  "MODIFIED 
CONSTRAINT"  ON  SPACE  = 
(ORIGINAL  CONSTRAINT) 
-(RESERVED  SPACE) 


DOES  TOTAL  "RESERVED  SPACE" 
EXCEED  ORIGINAL  CONSTRAINT 


PRINT  WARNING  MESSAGE  INDICAT- 
ING HALF  THE  AUTHORIZED  T/E 
HIGH  PRIORITY  ITEMS  CANNOT  BE 
LOADED  INTO  ORIGINAL  CONSTRAINT 


EXIT  PROGRAM 


FIGURE  F-2.  (CONTINUED) 
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'FOR  EACH  LAM\ 
FOR  EACH  TAM, 
COMPUTE 
LAGRANGIAN 
. QUANTITY  / 


FOR  EACH  VALUE  OF  LAM(  1,  2...,  25  ), 
AND  FOR  EACH  T/E  ITEM,  COMPUTE  THE 
LAGRANGIAN  T/E  QUANTITIES  FROM 
SUBROUTINES  GETS  AND  NORB 


TRUNCATE  T/E 
QUANTITIES 


TRUNCATE  T/E  QUANTITIES,  IF  NECESSARY, 
TO  BE  LESS  THAN  OR  EQUAL  TO  "REMAINING 
T/E  QUANTITIES" 


ACCUMULATE 
LAGRANGIAN  CUBES 
AND  SQUARES 


determine  total  LAGRANGIAN  CUBE  AND 
SQUARE  FOR  EACH  VALUE  OF  LAM 


FIND  LAGRANGIAN 
CUBE  AND  SQUARE 


find  LAGRANGIAN  CUBE  AND  SQUARE 
NEAREST  TO  BUT  LESS  THAN  CUBE  AND 
SQUARE  CONSTRAINT 


^LAGRANGIAN^ 
TOTALS  WITHIN 
^ 10%  OF  CONS- 


are  LAGRANGIAN  TOTALS  WITHIN  10%  OF 
CONSTRAINT?  IF  NO,  CALCULATE  ABOVE 
WITH  NEW  SPECTRUM  OF  VALUES  OF  LAM 


ADJUST 

LAGRANGIAN  T/E 
QUANTITIES 


ADJUST  BY  INTERPOLATION  LANGRANGIAN 
OF  CONSTRAINED  T/E  QUANTITIES  TO 
EXACTLY  FILL  CONSTRAINED  SPACE 


ROUND 

CONSTRAINED  T/E 
QUANTITIES 


ROUND  CONSTRAINED  T/E  QUANTITIES 
TO  INTEGER  VALUES 


PRINT 

CONSTRAINED 
T/E  


MANUALLY 
INSPECT 
CONS- 
, TRAINED  i 
V T/E  / 


MANUALLY  INSPECT  OUTPUT, 

IF  NECESSARY,  RERUN  PROGRAM 
AFTER  MAKING  ADJUSTMENTS 
TO  INPUT  PARAMETERS 


END  OF  PROGRAM  CONTEAM 


FIGURE  F-2.  (CONTINUED) 
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FIGURE  F-2.  (CONTINUED) 
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CONSTRAINED  T/E  EMBARKATION  MODEL 
Part  2:  Technical  Description 

I INTRODUCTION 

In  the  first  part  of  this  appendix,  an  algorithm  is  described  for 
the  construction  of  a constrained  T/E  that  will  maximize  protection 
against  shortages.  This  algorithm  was  used  as  a means  of  obtaining 
Improvement  over  the  conventional  method  of  constructing  a T/E  (which 
would  simply  reduce  all  authorized  quantities  in  a fixed  ratio) . In 
this  use,  the  algorithm  is  oriented  to  the  construction  of  T/Es  under 
cube  or  square  constraint. 

The  general  format  of  the  first  part  of  this  appendix  comprises 
discussions  of  the  objective  of  the  algorithm,  its  derivation  and  math- 
ematical logic,  the  practical  considerations  in  its  application,  and 
finally,  a flow  description  of  its  operation. 

A.  Constraints 

There  are  a number  of  overall  constraints  that  may  be  used  in  the 
algorithm.  For  the  purpose  of  determining  a constrained  T/E  for  dis- 
tribution of  materiel,  the  respective  constraints  are  square,  cube,  and 
(sometimes)  total  weight.  If  two  constraints  operate  simultaneously, 
the  algorithm  is  applied  separately  to  square  loaded  and  bulk  cargo.  If 
necessary,  bulk  space  is  reassigned,  and  operational  readiness  is 
recomputed  with  the  redistribution  of  bulk  and  square  space. 
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B.  Objective  Function 


The  objective  of  the  calculation  is  to  determine  a T/E,  i.e.,  to  j 

show  the  number  of  units  of  each  TAM  that  will  minimize  the  expected  j 

pain  of  shortages  and  maximize  operational  readiness. 

1 

C.  Preliminary  Filling  [ 

j 

The  list  of  TAMs  of  highest  criticality  is  assumed  to  be  especially  j 

important.  To  doubly  emphasize  this  importance,  a preliminary  computation 
partially  fills  the  constrained  space  with  half  the  authorized  quantities 
of  these  high  criticality  TAMs.  If  the  constraint  is  so  restrictive  as 
to  forbid  even  this  part  of  the  T/E,  the  mission  is  assumed  to  be  impossible 
to  execute  because  of  lack  of  shipping  space. 
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II  DISTRIBUTION  FUNCTIONS  OF  "DEMAND" 


I 


In  this  algorithm,  "demand"  is  an  artificial  parameter  used  to  enter 
(or  construct)  certain  probability  tables.  Although  many  records  of  use 
have  been  processed,  a useful  procedure  (for  constructing  a T/E)  based  on  true 
demand  has  not  been  found.  Hence,  "demand"  is  simply  a parameter  only 
partly  related  to  T/E  quantity.  In  most  cases,  the  parameter  "demand" 
does  not  change  through  an  entire  T/E.  Specifically  for  square  loaded 
TAMs,  "demand"  is  usually  2;  for  bulk  loaded  TAMs,  "demand"  is  usually 
5.  The  algorithm  applies  to  class  II  and  class  VII  TAMs  only;  the  numbers 
2,  5 are  chosen  since  these  are  medians  of  the  respective  authorized  T/E 
quantities. 

A.  The  Assumed  Distribution  Functions  of  Demand 

For  TAMs  with  a "demand"  of  less  than  4.5,  the  demand  distribution 

3 

is  assumed  to  be  Poisson.  For  TAMs  with  a "demand"  of  4.5  or  more,  the 
demand  distribution  is  assumed  to  be  a truncated  normal  distribution, 
with  parameter  a = 0.78  X the  mean  demand  and  standard  deviation 
= 0.47  X the  mean  demand  (=  0.603a),  where  a is  the  parameter  of  a truncated 
normal  distribution,  given  by; 


Therefore 


/“p(t)dt  = 1 . (2) 

o 

Note  that,  for  this  choice  of  parameters  in  the  truncated  normal  distri- 
bution, the  standard  deviation  is  a large  fraction  of  the  mean.  Thus,  a 
very  considerable  variation  about  the  mean  is  to  be  expected. 

e 

B.  Mathematical  Derivation 

Calculation  of  optimum  stocking  procedure  is  as  follows.  Suppose 
the  constraint  is: 


S w s 
i 1 


W . 


(3) 


Then  the  quantity  to  optimize  is; 


F(s  ,s  , ...)  = 2 c./  (t  - s.)p.(t)dt  + A.(E  w.s.  - W)  . (4) 

12  is.  11  11 

1 

(All  summations  are  over  the  values  of  i.) 

The  quantities  to  determine  are  s.,  the  amount  of  the  ith  TAM  to  be 
supplied.  The  notation  is  as  follows: 


F 

i 

t 

X 


w 

i 


W 


Function  to  be  optimized 
Criticality 

Demand,  which  is  the  variable  of  integration 

L'-grangian  parameter  needed  to  take  account 
of  the  constraint 

Unit  square,  or  cube,  of  the  ith  TAM 

Constraint  = total  square  or  cube  permitted 

Distribution  function  of  demand  for  the  ith 
TAM. 
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Differentiating  the  function  with  respect  to  each  independent  deci- 
sion variable,  the  relation 


X = — r p.  (t)dt  (5) 

w.  J 1 
1 s. 

1 

is  obtained. 

Thus,  if  the  quantity  equal  to  or  greater  than  1,  s^ 

must  be  taken  to  be  0;  the  ith  TAM  is  not  included.  If  the  quantity 

w X/c  is  less  than  1,  s is  determined  by  the  equation; 
i i 1 

r 

Xw  /c  = J p (t)dt  . (6) 

11  s , 1 

1 

It  is  seen  that  the  greater  the  criticality  c^,  the  larger  will  be  the 

stock  s..  Also,  the  smaller  the  unit  (square  or  cube)  w.  , the  larger 

will  be  the  stock  s . On  the  other  hand,  when  the  unit  (square  or  cube) 

i 

is  quite  large,  the  strategy  will  be  to  accept  shortages  in  the  items  that 
have  a large  size  to  gain  the  extra  benefit  of  avoiding  shortages  in  other 
items , 

The  T/E  quantity  s^  is  always  truncated  so  as  not  to  exceed  the 
authorized  T/E  quantity. 


C . Practical  Implementation 

In  all  this  calculation,  the  quantity  X is  not  yet  determined. 
The  way  to  determine  X is  by  trial.  A fixed  value  is  chosen  for  X, 
and  the  entire  supply  table,  including  the  value  of  s^  for  each  TAM, 
is  computed.  Then  the  total  square  or  cube  is  cumulated  to  see  whether 
the  trial  value  of  X is  too  small  or  too  large.  If  the  trial  total 
is  too  large,  the  trial  value  of  X was  too  small,  and  vice  versa. 
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D,  Starting  the  Algorithm 

To  avoid  too  many  trials,  it  is  desirable  to  have  a reasonable 
starting  value  for  X.  If  the  largest  unit  (square  or  cube)  is  500,  a 
reasonable  starting  value  for  X is  0.002.  For  a T/E  that  contains 
many  items  with  unit  square  exceeding  500,  but  very  few  with  unit  squares 
exceeding  5,000,  a reasonable  starting  value  for  X is  0.0002.  In 
general,  the  choice  is  the  reciprocal  of  the  truncating  unit  square. 

In  experimental  calculations,  instead  of  using  a single  starting 
value  for  X,  and  then  adjusting,  25  values  for  X were  used  that  were 
expected  to  bracket  the  correct  budget.  The  relation  between  the  constraint 
and  the  corresponding  value  of  X is  approximately  of  the  form: 


X . B = constant. 


where  B is  the  constraint,  and  the  constant  depends  on  the  spectrum  of 
T/Ws  for  which  the  T/E  is  being  computed.  Once  a T/E  has  been  computed 
for  each  of  the  25  values  of  Y bracketing  the  constraint,  a table  show- 
ing constraint  versus  Y can  be  entered,  and  the  correct  number  of  units 
of  each  can  be  determined  by  making  a final  adjustment  to  the  particular 
T/E  that  is  closest  to,  but  below  the  constraint.  This  adjustment  is 
ignored  for  any  TAM  already  taken  in  authorized  quantity.  Any  method  of 
adjustment  will  do;  an  increase  in  constant  ratio  is  to  be  recommended. 

The  ratio  is  determined  by  simply  summing  the  square  of  the  short  fall 
TAMs,  and  comparing  this  short  fall  with  the  constrained  space  not  yet 
filled.  But  no  TAM  must  be  taken  in  more  than  the  authorized  T/E  quantity. 

At  this  point,  the  quantities  for  many  TAMs  will  be  fractions.  For 
practical  implementation,  these  quantities  can  be  rounded  to  the  nearest 
whole  number. 


E.  Solution  of  Equation  (6) 

It  remains  to  explain  how  to  solve  equation  (6)  for  s^,  when  all 

the  other  letters  and  the  distribution  function  are  known.  The  method 

used  when  the  distribution  was  assumed  to  be  normal  (demand,  per  period, 

4.5  units  or  more)  was  simply  to  enter  a machine  stored  table  of  the 

normal  cumulative  probability,  and  take  out  s . This  cannot  accurately 

1 

be  done  for  values  of  s.  exceeding  three  times  the  mean  demand,  unless 

the  table  Is  considerably  more  detailed  than  It  Is  convenient  to  store 

In  a computer  with  limited  memory  space.  In  this  case  s =4.0  was 

1 

taken  whenever  the  cumulative  probability  calculated  from  (6)  exceeded 
0.9998  (residual  probability  less  than  0.0002),  This  means  that  a T/E 
quantity  exceeding  4 cannot  be  attained.  That  Is,  quantities  of  a TAM 
In  excess  of  4 times  the  "demand"  will  always  be  short. 

But  some  TAMs  have  very  large  authorized  quantities,  and  quantity 
should  not  be  restricted  to  20.  Therefore,  for  a TAM  with  an  authorized 
quantity  of  40  or  greater,  the  parameter  "demand"  Is  set  to  1/8  of  the 
authorized  quantity.  This  device  will  make  It  possible  to  take  the 
entire  authorized  quantity  of  a high  criticality  TAM. 
i 

j 

i 


i 
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III  APPROXIMATION  TO  EXACT  ALGORITHM 


A.  Assignment  Priority  List 


In  this  section,  a mathematically  exact  algorithm  is  described. 
Later  a computer  oriented  approximation  is  given,  and  it  is  shown  that 
that  approximation  is  equivalent  to  the  exact  algorithm.  The  mathema- 
tically exact  algorithm  begins  with  the  construction  of  an  assignment 
priority  list. 

1 . Rationale 

For  each  (ordinal)  unit  of  each  TAM,  the  value  of  that  extra 
unit  providing  additional  protection  against  shortage  must  be  computed. 
If  p(t)  is  the  probability  density  of  demand  for  t units,  the 
incremental  value  of  the  k-th  unit  can  be  shown  (see  below)  to  be 
approximately  equal  to: 


(c/w)  ^ p(t)dt  . 
k-% 


Note  that  the  integral  runs  from  k - ^ to 
Notation: 

c = Criticality  of  the  TAM 

w = Unit  square  (for  square  loaded  TAMs)  or  unit 
cube  (for  bulk  loaded  TAMs) 

p(t)  = Probability  density  of  demand. 
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For  large  values  of  "demands", 


X,  it  is  usual  to  take: 


where 


p(t)  = 


1.19 

ay5i7 


r 1 , x2,  2 

exp  - - (t  - a)  /a 


(8) 


a = 0.78x 

X = "Demand". 

Formula  (8)  is  the  density  of  a truncated  normal  distribution,  truncated 
at  t = 0;  the  mean  of  the  original  (nontruncated)  normal  distribution 
is  equal  to  its  standard  deviation  a,  (See  Fig.  F-3.) 

For  low  values  of  "demand,"  the  (discrete)  Poisson  distribution 

*“  3 t 

is  appropriate:  p(t)  = e a /tl,  where  now  a = "demand." 


a 


FIGURE  F-3.  THE  TRUNCATED  NORMAL  DISTRIBUTION,  TRUNCATED 
AT  t - 0,  a « 0.78x,  O ■ 0.47R 
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Mathematical  Derivation 
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The  extra  protection  afforded  by  the  next  unit  of  a TAM  can  be 
found  from  tables  that  are  readily  available.  The  precise  meaning  of 
the  term  "extra  protection"  has  first  to  be  specified.  In  the  analysis 
of  this  appendix,  stress  on  a military  unit,  is  measured  by  "number  of 
units  needed  but  not  available."  Thus,  a shortage  of  8 is  more  stress- 
ful than  a shortage  of  2.  An  authorized  T/E  for  quantity  100  that  is 
99  percent  filled  (with  1 short)  is  less  burdensome,  in  terms  of  expedit- 
ing, lost  time,  and  reduced  efficiency  of  operation  than  is  an  order  for 
the  same  quantity  (100)  that  is  only  50  percent  filled. 

If  the  probability  density  of  "demand"  is  p(t),  and  the  quantity 
shipped  is  k,  then  the  criticality  weighted  expected  shortage  penalty  is 
given  by  the  formula: 

00 

(c/w)  ^ (t  - k)  p(t)dt  . 

k 

If  the  probability  density  corresponds  to  a discrete  probability,  the 
integral  sign  must  be  replaced  by  a summation  sign.  Assume  for  the 
moment  that  the  probability  density  is  continuous;  this  assumption  is 
valid  when  the  "demand"  is  large  (more  than  4.5).  As  an  example,  compute 
the  added  protection  (diminished  penalty)  provided  when  1 unit  (instead 
of  0 units)  of  a TAM  is  shipped.  The  criticality  weighted  expected 
shortage  penalty  will  be  reduced  from: 


(c/w)  ^ t p(t)dt 
0 


to  (c/w)  ^ (t  - 1)  p(t)dt  , 

1 


as  the  above  discussion  shows.  The  first  integral  ^ can  be  written 

0 
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as 


00 


so  the  difference  in  question  amounts  to: 


I 00 

(c/w)  ^ t p(t)dt  + (c/w)  ^ p(t)dt  . 

0 1 

The  "theorem  of  the  mean"  in  integral  calculus  shows  that  the  first 
integral  can  be  approximated  by  the  expression: 

1 

§1  ^ P(t)dt, 

0 


where  5^^  is  some  number  between  0 and  1.  A better  approximation,  valid 
for  any  slowly  changing  probability  density  function  p(t),  is: 


The  validity  of  this  approximation  is  obvious  in  case  p(t)  is  constant 
in  the  interval  (0,1).  In  summary  then,  the  diminution  of  penalty 
provided  by  the  first  unit  of  a TAM  is  given  approximately  by  the  formula: 

CO 

(c/w)  ^ p(t)dt  . 

0.5 

This  number  can  be  found  by  reference  to  tables  of  cumulative  probabilitv 
that  correspond  to  the  probability  density  p(t). 
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Similarly,  the  further  diminution  of  penalty  provided  by  a 
second  piece  of  the  same  TAM  is  given  by  the  formula: 


(c/w)  ^ p(t)dt  , 
1.5 


which  is  an  approximation  to  the  difference 


(c/w)  \ (t  - 1)  p(t)dt 


(c/w)  ^ (t  - 2)  p(t)dt  . 
2 


In  general,  the  additional  diminution  of  penalty  brought  about 
by  the  k-th  unit  of  a TAM  is  given  approximately  by  the  formula: 


p(t)dt  . 

1 

2 


This  formula  is  valid  if  p(t)  changes  only  slowly  in  the  interval 
[k  - l,k].  The  above  formulas  are  certainly  valid  for  the  truncated 
normal  distribution,  provided  the  "demand"  is  large. 


3.  TAMs  With  Low  Demand  (Square  Loaded  T/E  List) 

For  the  square  loaded  portion  of  the  T/E  list,  "demand"  is 
typically  2.  For  this  case,  a useful  probability  distribution  is  the 
Poisson  distribution.  This  is  a discrete  distribution  so  integrals 
cannot  be  used  to  represent  the  expected  number  of  units  short.  For  a 
discrete  distribution,  the  correct  formula  involves  a sum,  not  an 
integral.  The  criticality  weighted  expected  penalty  for  shortage  is: 


I 
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(c/w)  £ (t  - k)  p(t)  , 

C=k 


provided  the  current  quantity  is  k units. 

The  analysis  in  this  case  parallels  the  analysis  above  for  a 
continuous  probability  density.  The  work  with  sums  is  simpler  than  the 
work  with  integrals.  The  result  is  that  the  quantum  diminution  in 
penalty  provided  by  the  k-th  increase  of  the  TAM  quantity  is: 


(c/w)  i:  p(t)  . 

t=k 


For  the  Poisson  distribution  corresponding  to  "demand"  a,  this  is  clearly 
equal  to: 


( c/w)  T.  e ^ 


Tables  of  this  partial  sum  are  available  for  a large  range  of  values  of 
a "demand."  Also,  the  partial  sum  can  be  approximated  by  use  of  other 
tables,  only  tables  of  the  normal  probability  integral  are  needed  (see 
the  discussion  following  equation  (9)). 


4 . Construction  of  the  Working  List 

After  completing  the  "incremental  protection"  computations, 
the  next  step  is  to  list  all  (ordinal)  units  of  al 1 TAMs  in  sequence. 

The  sorting  is  arranged  so  that  the  unit  providing  the  greatest  quantum 
of  benefit  comes  first,  followed  by  the  unit  that  provides  tlie  second 
greatest  benefit.  A section  of  such  a list  looks  as  shown  in  Table  F-5. 
The  most  advantageous  T/E  for  any  total  is  the  one  obtained  by  simply 
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Table  F-5 

SEQUENCE  OF  TAMs  SORTED  ACCORDING 
TO  THE  BENEFIT  PROVIDED  BY  EACH  UNIT--CONSTRAINT  = 45 


TAM 

Ordinal 
Number 
of  Unit 

Unit 

Square 

Cumulative 

Square 

AO.  . . 

1st 

3 

3 

AO.  . . 

2nd 

3 

6 

C2.  . . 

1st 

2 

8 

AO.  . , 

3rd 

3 

11 

C3.  . . 

1st 

5 

16 

C2. . , 

2nd 

2 

18 

AO.  . . 

4th 

3 

21 

D4.  . . 

1st 

20 

41 

E 

1st 

1 

42 

AO.  . . 

5th 

3 

45 

NOTE;  Constraint  filled  (if  T/E  quantity 
of  AO.,,  is  5 or  more) 
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Table  F-6 

VALUES  OF  THE  NORMAL  PROBABILITY  INTEGRAL,  P(u), 
FOR  VALUES  OF  u BETTOEN  0.0  AND  3.49 


■iji 'iWJlLPJil  II  IM 


|J 


f- 

■ 1 

i . 


P( 

u)  = 

1 u 

exp  j^-  i t 

’ dt  = 

1 - Q(u 

} 

Q( 

u)  = 

1 

\ \ 2 

1 

r 

■,'2"  “ 
u 

exp|^--  t 

)dt 

u 

+ .00 

.01 

.02 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

0.0 

.5000 

.5040 

.5080 

.5120 

.5160 

.5199 

.5239 

.5279 

.5319 

.5359 

0. 1 

.5398 

.5438 

.5478 

.5517 

.5557 

.5596 

.5636 

.567  5 

.5714 

.5753 

0.2 

.5793 

. 5832 

.5871 

.5910 

.5948 

.5987 

.6026 

.6064 

.6103 

.6141 

0.3 

.6179 

.6217 

.6255 

.6293 

.6331 

.C36S 

.6406 

. 6443 

.6480 

.6517 

0.4 

.6554 

.6591 

.6628 

.6664 

.6700 

.6'  36 

.6772 

.6808 

. 6844 

.6879 

0.5 

.6915 

.6950 

.6985 

.7019 

.7054 

.7088 

.7123 

,7157 

.7190 

.7224 

0.6 

.7257 

.7291 

.7324 

.7357 

.7389 

.7422 

.7454 

.7486 

.7517 

.7549 

0.7 

.7580 

.7611 

.7642 

.7673 

.7704 

.7734 

.7764 

.7794 

.7823 

.7852 

0.8 

.7881 

.7910 

.7939 

.7967 

.7995 

.8023 

.8051 

.8078 

.8106 

.8133 

0.9 

.8159 

.8186 

.8212 

.8238 

.8264 

.8289 

.8315 

.8340 

.8365 

,8389 

1.0 

.8413 

.8438 

.8461 

.8485 

.8508 

.8531 

.8554 

,8577 

.8599 

.8621 

1. 1 

.8643 

.8665 

.8686 

.8708 

.8729 

.8749 

.8770 

.8790 

,8810 

.8830 

1.2 

.8849 

.8869 

.8888 

.8907 

.8925 

,8944 

,8962 

.8980 

.8997 

.9015 

1.3 

.9032 

.9049 

.9066 

.9082 

’ 9099 

.9115 

,9131 

.9147 

.9162 

.9177 

1.4 

.9192 

.9207 

.9222 

.9236 

.9251 

.9265 

.9279 

.9292 

.9306 

.9319 

1.5 

.9332 

.9345 

.9357 

.9370 

.9394 

.9406 

.9418 

.9429 

.9441 

1.6 

.9452 

.9463 

.9474 

.9484 

.9495 

.9505 

.9515 

,9525 

.9535 

.9545 

1.7 

.9554 

.9564 

.9573 

.9582 

.9te91 

,9599 

.9608 

.9616 

.9625 

.9633 

1.8 

.9641 

.9649 

,9656 

.9664 

.9671 

.9678 

.9686 

.9693 

.9699 

.9706 

1.9 

.9713 

.9719 

.9726 

.9732 

.9738 

.9744 

.97  50 

.9756 

.9761 

.9767 

2.0 

.9772 

.9778 

.9783 

,9788 

.9793 

.9798 

.9803 

,9808 

.9812 

.9817 

2.1 

.9821 

.9826 

.9830 

.9834 

.9838 

,9842 

.9846 

.9850 

.9854 

.9857 

2.2 

.9861 

.9864 

.9868 

,9871 

.9875 

.9878 

.9881 

.9884 

.9887 

,9890 

2.3 

.9893 

.9896 

.9898 

.9901 

.9904 

.9906 

.9909 

.9911 

.9913 

.9916 

2.4 

.9918 

.9920 

.9922 

.9925 

.9927 

.9929 

.9931 

.9932 

.9934 

.9936 

2.5 

.9938 

.9940 

.9941 

.9943 

,9945 

.9946 

.9948 

.9949 

.9951 

,9952 

2.6 

.9953 

.9955 

.9956 

.9957 

.9959 

.9960 

.9961 

.9962 

,9963 

.9964 

2.7 

.9965 

.9966 

.9967 

.9968 

.9969 

.9970 

.997  1 

.9972 

.9973 

.9974 

2.8 

.9974 

.9975 

.9976 

,9977 

.9977 

.9978 

,9979 

.9979 

.9980 

.9981 

2.9 

.9981 

.9982 

.9982 

,9983 

.9984 

.9984 

.9985 

.9985 

. 9986 

.9986 

3.0 

.9987 

.9987 

.9987 

.9988 

.9988 

.9989 

,9989 

,9989 

.9990 

.9990 

3.  1 

.9990 

.9991 

.9991 

.9991 

. 9992 

.9992 

.9992 

.9992 

,9993 

. 9993 

3.2 

. 1993 

.9993 

.9994 

.9994 

.9994 

.9994 

,9994 

.9995 

.9995 

.9995 

3.3 

.1995 

.9995 

.9995 

.9996 

.9996 

. 9996 

.9996 

.9996 

. 9996 

.9997 

3.4 

.9  997 

.9997 

.9997 

.9997 

.9997 

.9997 

.9997 

.9997 

.9997 

,9998 

Source:  Handbook  of  Mathematical  Functions,  U.  S.  National  Bureau  of  Standards, 

/\MS#55,  Table  26.1,  1968. 
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C.  An  Alternative  Computation 

The  alternative  computation  is  explained  in  the  flow  description 
following. 


1.  Computation 

For  each  value  of  LAM,  and  for  each  TAM,  the  T/E  quantity  (for 
constrained  square  or  cube)  is  computed  according  to  the  formula: 


(w)(LAM)/c  = ^ p(t)dt 


w = Unit  square  or  cube  (if  total  is  the  constraint) 
c = Criticality  factor 

LAM  = Value  taken  unchanged  during  this  step  of  the 
algorithm 

p(t)  = Frequency  function  for  the  particular  TAM  under 
consideration 

s = Number  of  units;  this  is  the  unknown  in  the 
equation. 

If  (w)(LAM)/c  exceeds  1,  or  is  equal  to  1,  s is  taken  as  0. 
The  formula  (JL  = 1.19) 


r 1 . 2 , 21 

exp  J 


has  been  previously  stated.  Therefore,  (9)  can  be  solved  for  s by 
solving  the  equation 
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(w) (LAM) 
(c)  (A) 


00 


exp 


1 

2 


(11) 


\dv 


for  u,  and  then  setting  s = ua  + a.  The  integral  on  the  right-hand  side 
of  (11)  will  be  recognized  as  the  standard  probability  integral;  moreover, 
the  integral  is  independent  of  the  TAM,  and  so  may  be  entered  into  a 
computer  in  tabular  form.  This  makes  it  possible  to  obtain  the  value  of 
u by  table  look-up.  In  the  program  the  table  was  to  have  only  finite 
length,  so  the  arbitrary  decision  was  made  that  whenever  the  quantity 
1 - exceeded  0.9998,  u would  be  entered  as  4.  The  values  to  be 

entered  are  given  in  Table  F-6,  which  is  adapted  from  standard  publications. 


For  square  loaded  TAMs,  "demand"  was  taken  = a = 2;  then  the  use 
of  equation  (4)  is  not  an  accurate  method.  The  formula  for  p(t)  should  be 
replaced,  for  such  TAMs,  by  the  Poisson  distribution.  An  approximation 
to  the  Poisson  distribution  frequency  function,  given  by  the  following 
lemma,  was  used: 


If  t is  Poisson  distributed,  with  mean  a,  then 
t - a + 0.5 


/ a 


is  approximately  normally  distributed. 


For  values  of  a near  0,  and  for  values  of  t equal  to  0 
or  1,  the  word  "approximately"  should  be  read  as  "very  approximately"; 
nevertheless,  for  the  present  purpose,  the  approximation  is  adequate. 
The  only  features  of  the  distribution  required  to  be  approximated  are 
the  cumulative  values,  i.e.,  the  frequency  function  integral  or  distri- 
bution function.  For  these  values,  the  approximation  is  acceptable. 

The  fact  that  the  normal  distribution  function  is  again  involved  makes 
the  table  look-up  convenient;  the  value  of  u is  computed  as  before, 
and  s is  taken  to  be: 
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s = uv^+a-0.5.  (12) 

It  is  understood  that  s must  never  be  negative;  when  (12)  brings  out  a 
negative  result,  it  must  be  adjusted  upward  to  0,  (The  result  could  be 
very  slightly  negative  in  certain  cases.) 

All  quantities  s must  be  truncated  to  the  authorized  T/E 
quantity  if  they  exceed  it. 

As  the  calculation  proceeds  from  one  TAM  to  the  next,  cumula- 
tive totals  are  kept  in  a running  fashion  for  each  of  the  values  of  LAM. 

At  the  end  of  this  phase  of  the  calculation--that  is,  when  all  TAMs  have 
been  scanned--there  will  be  a set  of  25  total  constraints,  one  for  each 
of  the  25  values  of  LAM.  The  item  record  of  each  TAM  will  show  the 
number  of  units  of  that  TAM  needed  to  bring  out  the  total  constraint 
shown.  In  general,  the  number  of  units  shown  will  be  a fraction.  In 
other  words,  it  is  assumed  in  this  preliminary  calculation  that  each  TAM 
is  divisible.  This  device  is  a conventient  fiction  to  make  it  possible, 
in  the  next  step,  to  interpolate  more  accurately  from  one  constraint  to  the 
next.  If  by  chance  the  correct  constraint  is  not  bracketed  in  the  25 
calculations,  further  choices  of  LAM  are  to  be  made.  A quick  procedure 
for  homing  in  on  the  best  choices  for  LAM  is  given  next. 

2.  Interpolation  to  Obtain  the  Correct  Value  of  LAM 

The  fourth  step  describes  the  inverse  interpolation  needed  to 
home  in  on  the  correct  value  of  LAM,  and  also  the  final  interpolation 
used  to  obtain  the  T/E.  In  the  preceding  pages  it  was  shown  how  to 
compute  a constrained  square  or  cube  for  any  given  value  of  LAM. 

A graph  of  the  relationship  between  LAM  and  constrained  cube 
has  approximately  the  shape  indicated  in  Figure  F-4. 
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LAM 


FIGURE  F-4.  APPROXIMATE  FORM  OF  RELATION  BETWEEN  LAM  AND  CUBE 


• When  LAM  is  decreased,  the  corresponding  cube  will 
increase 

• If  LAM  is  taken  small  enough,  the  cube  can  equal 
the  authorized  T/E  cube 

• For  large  values  of  LAM,  the  cube  approaches  zero, 
(Ultimately,  it  can  be  zero.)  In  other  words,  above 

a threshold  valiie,  there  is  no  computation  to  be  done. 


If  the  25  trial  values  of  LAM  run  from  the  reciprocal  of  the 
-10 

smallest  item  cube  to  10  times  this  quantity,  the  constraint  will  be 
well  approximated  by  one  of  the  25  trial  grand  total  cubes.  (If  by 
chance  (or  error)  this  does  not  occur,  interpolation  or  extrapolation 
should  be  used;  a graphical  procedure,  or  logarithmic  interpolation,  is 
quite  accurate.  To  make  a final  adjustment  from  an  approximate  constrained 
cube  to  the  exact  constraint  the  method  explained  in  the  computation  flow 
description  was  used.  Briefly,  this  is  a proportional  increase  in  the 
trial  T/E  quantities  of  all  TAMs  at  below  authorized  quantities  in  the 
tentative  T/E. 
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MAGTF  IMPROVEMENT  EFFORT 
I BACKGROUND  OF  MAGTF  IMPROVEMENT  EFFORT 

Because  the  "Materiel  Weight  and  Cube  Control"  study  required  many 
long  computer  runs  of  the  program  MAGTF,  and  because  of  the  excessive 
processing  time  on  the  computer  each  of  these  runs  would  require,  the 
first  task  of  this  project  was  to  streamline  the  coding  of  MAGTF  for 
more  efficient  processing.  An  associated  task  in  this  effort  was  to 
correct  all  known  programming  errors.  Also,  an  up-to-date  and  accurate 
data  base  was  to  be  provided  the  project.  These  reprogramming,  debugging, 
and  data  base  updating  efforts  had  to  be  provided  within  the  limitations 
of  a restricted  time  frame  and  budget. 

A.  Determination  of  Where  to  Concentrate  the  Program  MAGTF 

Improvement  Effort 

Before  the  process  of  speeding  up  the  execution  time  of  program 
MAGTF  could  commence,  it  was  necessary  to  determine  exactly  where  in  the 
MAGTF  coding  the  majority  of  the  total  execution  time  of  run  was  being 
spent.  To  accomplish  this  task,  temporary  FORTRAN  statements  were  inserted 
into  each  of  MAGTF ' s original  192  subroutines  to  measure  the  amount  of 
CPU  time  required  by  each  of  the  individual  subroutines.  Then,  by  running 
a small,  test  MAGTF,  it  was  possible  to  determine  precisely  the  percentage 
of  the  total  execution  time  of  the  program  that  was  being  consumed  by 
each  of  the  subroutines. 
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Additional  coding  was  also  inserted  into  each  subroutine  to  count 
the  total  number  of  times  each  of  the  subroutines  in  MAGTF  was  called 
or  accessed  during  the  execution  of  the  test  case. 

This  preliminary  analysis  enabled  the  project  team  to  concentrate 
its  efforts  on  reducing  the  execution  time  of  only  those  subroutines 
that  would  give  the  maximum  payoff  (reduced  CPU  time)  for  the  minimum 
man-hours  expended  by  the  team. 

B.  Program  MAGTF  Core  Reduction 

Equally  important  as  the  reduction  of  the  running  time  of  MAGTF 
subroutines  was  the  reduction  of  the  overall  core  requirement  of  the 
program.  The  reduction  of  the  program  size  was  important  since  the 
original  size  of  the  program  was  so  large  that  it  could  not  be  loaded 
in  its  entirety  into  a 200K  partition  on  the  HQMC's  360/65  computer. 

Because  of  the  program  MAGTF' s length  it  was,  therefore,  necessary  to 
break  the  program  up  into  several  overlays.  By  overlaying,  the  amount 
of  coding  that  was  required  to  reside  in  core  at  any  one  time  was  greatly 
reduced;  however,  the  execution  time  of  the  program  was  greatly  increased 
since  each  time  a new  overlay  was  needed  by  MAGTF,  the  overlay  currently 
residing  in  core  had  to  be  written  to  disk  storage,  and  the  new  overlay 
then  read  from  disk  storage.  This  additional  reading  and  writing  (I/O) 
placed  an  additional  burden  on  top  of  the  already  lengthy  running  time 
of  the  program.  By  reducing  the  total  core  requirement  of  program  MAGTF, 
fewer  overlays  would  be  required,  thereby  reducing  the  l/O  requirements 
of  the  program,  which  in  turn  decreased  the  overall  execution  time  of  the 

i 

program. 

C.  Elimination  of  Debug  Statements 

During  the  programming  of  MAGTF,  it  was  found  to  be  useful  to  place 
several  debug  PRINT  statements  in  each  of  program  MAGTF 's  subroutines. 
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These  debug  PRINT  statements  could  be  activated  by  either  the  programmer 
or  the  user  of  MAGTF  by  including  a DEBUG  card  in  his  data  stream.  However, 
as  MAGTF  became  more  frequently  utilized  and  reliable,  the  need  for  the 
debug  coding  became  less  and  less  useful.  Therefore,  all  of  the  debug 
statements  were  removed  from  the  production  version  of  program  MAGTF.  This 
accomplished  a significant  reduction  in  core  storage  requirements,  as  well 
as  a noticeable  reduction  in  CPU  time  required  to  execute  the  program. 

D.  Reduction  of  I/O  Buffers 

The  next  step  in  improving  the  execution  time  of  MAGTF  was  to  reduce 
the  size  of  the  I/O  buffers  for  the  card  reader,  the  card  punch,  and  the 
printer.  By  reducing  the  size  of  the  I/O  buffers,  a considerable  amount 
of  core  storage  was  saved  at  the  expense  of  a very  slight  increase  in 
CPU  and  I/O  time. 

E . Program  MAGTF  Coding  Improvements 

i 

The  biggest  saving  in  CPU  time  resulted  from  the  recoding  of  three  | 

subroutines  and  by  the  addition  of  a new  subroutine.  Subroutines  SYSTEM,  ^ 

I 

BINARY,  and  CHTONO  were  almost  completely  recoded  in  a vastly  more 

efficient  manner.  A completely  new  subroutine,  GETCHR,  was  written  to  ' 

handle  more  expeditiously  special  character  transfers  previously  handled  j 

by  subroutine  CHAR.  ! 


F.  Streamlining  of  PRINT  Routines 

In  programming  the  original  version  of  the  program  MAGTF,  a separate 
subroutine  was  written  to  perform  the  printing  of  each  unique  page  of 
output.  Since  it  was  frequently  the  case  that  the  output  from  a regular 
listing  differed  from  that  of  a compendium  by  only  the  heading  or  by  the 
inclusion  or  omission  of  a column  of  figures,  it  was  decided  to  combine 
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these  similar  PRINT  routines  into  a single  subroutine  whenever  possible, 
and  to  set  a switch  in  the  new  routine  that  would  allow  the  subroutine 
to  decide  which  heading  or  which  column  of  figures  to  print.  This  effort 
resulted  in  a very  substantial  core  reduction. 
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II  ADVANTAGES  OF  CORE  REDUCTION 

The  results  of  the  core  reduction  effort  were  utilized  in  two  ways. 

A.  Elimination  of  Overlays 

The  first  utilization  of  the  additional  core  now  available  from  the 
reduction  effort  was  to  completely  eliminate  all  overlays  i.e.,  allow 
the  complete  program  to  reside  in  central  memory  during  the  execution  of 
the  program  as  opposed  to  the  original  time-consuming  calling  of  the  over- 
lays to  and  from  disk  storage.  Running  with  the  unoverlayed  version  of 
MAGTF  allowed  a large  savings  in  I/O  time. 

B.  Increasing  Accumulation  Blocks 

The  second  way  in  which  the  freed  core  was  utilized  was  to  retain 
the  most  frequently  needed  accumulation  blocks  in  central  memory  perman- 
ently, as  well  as  to  Increase  the  number  of  accumulation  blocks  temporarily 
residing  in  core  from  4 to  32.  This  improvement  by  itself  reduced  program 
MAGTF's  total  I/O  requirement  approximately  60  percent. 
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Ill  MAGTF  MAINTENANCE 


Several  program  MAGTF  errors  were  identified  and  corrected  during 
the  improvement  effort.  The  majority  of  the  corrections  were  for  over- 
flowed fields,  misspelled  headings,  column  and  total  alignment,  etc. 

All  of  these  can  be  grouped  under  the  general  description  of  formating 
problems.  These  problems  were  as  a rule  quickly  and  easily  corrected. 

The  most  troublesome  error  to  correct  was  in  the  restart  procedure 
of  MAGTF.  As  it  turned  out,  the  problem  was  not  so  much  a programming 
deficiency  as  it  was  an  interface  problem  with  the  operating  system. 
Whenever  in  the  execution  of  MAGTF  an  abnormal  ending,  such  as  an 
"operator  drop"  or  a "time  limit"  halt  was  experienced,  the  disposal 
of  the  output  buffers  was  inconsistent.  In  MAGTF' s case,  the  printed 
output  listing  would  indicate  that  the  input  data  had  been  processed 
to  a given  point,  while  the  output  tape  (restart  tape)  would  indicate 
the  processing  terminated  at  an  entirely  different  point.  Therefore, 
when  an  attempt  was  made  to  restart  a run  that  had  terminated  abnormally 
by  telling  the  program  to  proceed  from  where  the  output  listing  left 
off,  the  program  became  confused  since  this  was  not  the  same  place  the 
restart  tape  left  off.  This  problem  was  corrected  by  reprogramming 
the  restart  procedure  with  a more  complicated  logic. 


The  second  troublesome  bug  to  correct  was  in  the  "mobile  loading" 
procedure.  In  this  case,  correction  of  the  programming  errors  was  not 
the  problem  so  much  as  the  correction  of  each  error  seemed  to  uncover 
a new  error.  Such  a sequence  continued  through  several  iterations 
until  the  mobile  loading  procedure  filially  performed  as  desired. 
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IV  RESULTS  OF  THE  MAGTF  IMPROVEMENT  EFFORT 


The  results  jf  the  MAGTF  improvement  effort  were  startling.  All 
known  program  and  data  base  errors  were  cleaned  up,  and  the  program's 
improved  execution  time  exceeded  all  expectations. 

Personnel  from  the  Assistant  Chief  of  Staff  (Installations  and 
Logistics,  LPS)  and  the  MAGTF  systems  coordinators  processed  a Marine 
Amphibious  Force  (MAF)  computer  run  during  January  1975.  The  computer 
processing  time  for  this  run  was  approximately  63  wall  clock  hours,  or 
29.11  minutes  per  unit  on  the  HQMC  computer.  In  early  November  1975, 
a Marine  Amphibious  Brigade  (MAB)  was  processed  using  the  improved 
version  of  program  MAGTF  averaging  4.12  minutes  per  unit--an  86  percent 
improvement  over  the  original  29.11  minutes  per  unit. 

As  can  be  seen  from  Table  G-1,  I/O  time  has  been  decreased  from 
22.99  minutes  per  unit  to  1.76  minutes  per  unit,  or  a 92  percent  reduction. 
CPU  time  has  been  reduced  from  6.12  minutes  per  unit  to  2.36  minutes  per 
unit,  a 61  percent  reduction. 

Table  G-1 

COMPARISON  BETWEEN  ORIGINAL  VERSION  OF  MAGTF  AND  IMPROVED  VERSION 
OF  MAGTF  EXECUTION  TIMES  FOR  PROCESSING  MARINE  CORPS  T/O  UNITS 


Original 

Improved 

Percentage 

MAGTF 

MAGTF 

Improvement 

Improvement 

I/O  minutes  per  unit 

22.99 

1.76 

21.23 

92% 

CPU  minutes  per  unit 

6.12 

2.36 

3.76 

Total  minutes  per  unit 

29.11 

4.12 

24.99 

867. 
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V FUTURE  PROGRAM  MAGTF  IMPROVEMENT 


During  the  process  of  improving  the  execution  time  of  program  MAGTF, 
several  areas  were  observed  where  the  program  could  be  even  further 
improved.  These  areas  for  possible  improvement  include  ease  of  user 
usage,  increased  readability  of  printouts,  and  programming  improvements 
to  decrease  execution  time.  It  is  felt  that  the  computer  running  time 
of  program  MAGTF  can  be  further  reduced  by  a minimum  of  50  percent  with 
additional  reprogramming. 

In  light  of  the  above,  the  following  recommendations  are  made: 

(1)  Reprogram  the  method  by  which  MAGTF  accesses  the  data 
base.  By  making  a second  pass  through  the  UNIT  and 
SYSTEM  files  during  a program  CREATE  run,  it  is  possible 
to  attach  disk  addresses  to  each  trailer  record,  and 
thus  enable  MAGTF  to  directly  address  any  data  record. 

This  effort  will  eliminate  two  binary  searches  (decreasing 
CPU  time)  and  eliminate  one  disk  access  for  every  retrieval 
(decreasing  I/O  time). 

(2)  Modify  the  data  base  structure  so  that  as  many  data 
elements  as  possible  lie  on  computer  word  boundaries. 

This  will  save  additional  computation  time  since  these 
elements  can  be  read  into  core  without  the  need  of 
repositioning  these  elements  before  calculations  can 
be  made. 

(3)  Store  data  in  the  data  base  in  a computational 
(Integer  or  Floating  Point)  format.  This  will 
eliminate  the  necessity  of  decoding  an  element 
when  it  is  retrieved  before  it  can  be  used  for 
computat ions . 

(4)  Each  subroutine  in  program  MAGTF  should  be  examined 
individually  for  further  code  condensing  and  execution 
time  improvements. 

(5)  The  restart  procedure  should  be  reprogrammed  to 
eliminate  the  need  for  user  intervention. 
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(6)  The  MAGTF  Program  should  be  modified  to  permit  all 
intermediate  maintenance  ground  support  equipment, 
computed  from  supported  aircraft,  to  be  displayed 

in  the  Headquarters  and  Maintenance  Squadron  listing. 

(7)  The  program  should  be  modified  to  search  through  the 
entire  user  input  stream  for  errors  before  processing 
a MAGTF  run. 
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(8)  Output  formats  should  be  reformatted  where  necessary 
to  eliminate  ambiguities  and  to  facilitate  reading 
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HQ  FMFPAC  DATA  ANALYSIS 
I GENERAL 

This  appendix  contains  a more  detailed  description  of  the  analysis 
undertaken  on  the  records  of  requisitions  referred  to  in  the  HQ  FMFPAC 
report.  A summary  description  of  the  analysis,  with  some  tabulations, 
is  in  the  main  body  of  this  report. 

The  data  to  be  processed  consisted  of  several  tape  files  that 
recorded  some  900,000  requisitions  originating  in  Vietnam  during  1968- 
1970.  Accompanying  written  material  was  used  in  decoding  and  inter- 
preting these  files.  The  files  were  originally  prepared  to  obtain  dollar 
funding  requirements  for  the  Vietnam  operation.  Records  showed  not  only 
unit  prices,  but  also  quantities,  dates,  requisitioning  organization, 
and  combat  status  (active/na).  This  voluminous  file  warranted  the 
expenditure  of  some  modest  analysis. 

It  was  too  much  to  expect  that  most  TAMs  in  every  current  T/E 
would  appear  in  the  HQ  FMFPAC  file  itself.  Many  descriptive  TAM  (end 
item)  numbers  have  changed  in  the  last  few  years;  T/Es  have  changed; 
some  equipment  has  become  obsolete;  some  new  equipment  has  been  added. 
Even  so,  the  file  could  be  useful  if  a correlation  existed  between 
monthly  consumption  rate  (demand)  and  a definitely  determinable  parameter, 
such  as  unit  price  or  unit  weight.  If  such  a correlation  could  be 
validated,  then  future  consumption,  averaged  over  all  TAMs  in  a T/E . 
could  be  estimated  because  both  the  weight  and  the  T/E  quantity  of  every 
TAM  are  entered  in  the  MAGTF  data  base. 


Even  though  there  may  be  occasional  deviations  in  consumption  or 
demand  from  the  consumption  calculated  from  a correlation  formula,  the 
formula  is  still  useful.  If  the  deviations  are  small  on  the  whole,  and 
if  large  deviations  are  rare,  the  correlation  formula  can  be  used  to 
compute  a tentative  T/E  for  an  amphibious  operation  that  must  proceed 
under  shipping  constraint. 

Experience  with  other  supply  systems  suggests  that  a correlation 
between  demand  and  unit  weight  exists  of  the  form: 

b 

D = aW  , 

where 

D = Demand  (quantity,  units)  per  month 
a = Constant  of  proportionality 
W = Unit  weight 

b = Dimensions  exponent,  between  -1/3  and  -1. 

If  this  correlation  is  indeed  a valid  one,  ordinary  regression  analysis  i 

can  be  used  with  any  sufficiently  extensive  data  file  to  determine  the 

I 

unknown  constants  a and  b.  Indeed,  the  principal  unknown  is  the  exponent 
b.  The  constant  of  proportionality  a,  if  one  exists,  can  probably  be 
determined  in  other  ways.  Furthermore,  for  some  stocking  purposes,  the 
value  of  a is  not  needed. 

i 

li 
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II  REDUCTION  OF  THE  DATA 


A.  Record  Extraction 

The  file  contained  a record  of  all  (or  perhaps  of  some)  requisitions 
that  were  made  in  ordinary  fashion.  It  is  known  that  no  emergency  requisi- 
tions were  included  in  the  file.  The  items  requisitioned  were  identified 
by  FSN  (Federal  Stock  Number) . The  first  step  was  to  extract  only  those 
records  that  pertained  to  an  end  item  (called  a TAM).  The  extract  routine 
required  a specially  prepared  input  file. 

This  file  (file  A)  showed,  for  each  TAM  from  AOOOl  to  E9999,  the  FSN 
corresponding  to  the  TAM.  The  flow  chart  for  the  extract  routine  is  shown 


FIGURE  H-1  ROUTINE  FOR  EXTRACTING  TAM  RECORDS  FROM  MASTER  FILE 
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The  primary  sort  in  the  master  file  was  actually  RUC  (Reporting  Unit's 
Code),  so  that  the  exit  point  in  the  preceding  flow  chart  was,  in  fact, 
a subroutine  that  rewound  file  A,  and  progressed  to  the  next  RUC  in  the 
master  file.  After  all  RUC  subfiles  were  processed,  the  extract  routine 
was  ended. 

Certain  organizationally  Identical  units  occurred  several  times  in 
the  master  file — for  example,  HQ  company  in  the  1st,  2nd,  3rd,...  battalions. 
Each  requisition  record  had  a date  (month  1-24).  Combat  status  for  each 
RUC  was  available.  Thus,  it  seemed  likely  that  some  measure  of  variation 
between  organizationally  identical  units  in  combat  status  in  the  same 
theater  of  operations  might  be  obtainable. 

B.  Extraction  of  Weight.  Cube,  and  Square 

Several  extracted  files  were  made,  chiefly  for  military  units 
M1038,  M1988.  The  primary  sort  in  these  files  was  RUC;  secondary  sort 
was  ESN.  The  record  also  showed  requisition  date,  requisition  quantity, 
unit  price,  and  TAM. 

For  further  processing,  the  files  were  resorted  so  that  the  secondary 
sort  was  TAM.  The  weight,  cube,  and  square  were  then  added  to  each  record 
that  corresponded  to  a class  VII  (end  item)  TAM, 

C.  Determination  of  Normalized  Consumption  Rate 

In  the  preceding  step,  the  T/E  quantity  of  each  TAM  was  also 
entered.  The  specific  consumption  rate  (consumption  rate  per  unit 
quantity  in  the  T/E)  was  next  obtained  by  simple  division.  Th|s  is 
the  datum  (D)  that  was  expected  to  correlate  logarithmically  with  unit 
weight  (or  with  unit  price). 
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Parenthetically,  note  that  the  T/E  quantity  used  to  bring  out 
specific  demand  was  the  current  (1975)  authorized  T/E  quantity.  It  is 
common  knowledge  that  most  T/E  quantities  in  the  Vietnam  Theater  were 
expanded.  If  the  expansion  was  more  or  less  uniform  over  all  TAMs  in 
the  T/E  the  specific  demand  (D)  would  be  merely  magnified  uniformly. 

A correlation  of  the  form  D = a would  still  be  expected  to  exist, 
but  with  an  altered  value  of  a. 

C.  Search  for  Correlation 

Reasonable  attempts  to  find  a correlation  ended  in  failure.  Either 
the  records  available  were  incomplete,  or  else  the  postulated  correlation 
does  not  in  fact  exist. 

Many  supply  systems  do  show  a correlation  of  the  postulated  type. 
That  is,  very  large  or  expensive  items  of  equipment  are  so  well  made, 
or  are  so  well  protected  and  so  carefully  serviced  in  use,  that  they 
tend  to  last  longer  than  do  smaller  items  of  equipment.  There  does  not 
seem  to  be  a logical,  operational  explanation  for  the  failure  of  this 
postulate.  Perhaps  the  records  were  incomplete. 
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